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INTRODUCTION 
Alfalfa, Medicago sativa L., is considered the world's most 
important cultivated forage crop; only corn, wheat, and soybean 
cover more acreage in the United States (Steffey & Armbrust 1991). 
Acreage of alfalfa in the U.S. is estimated to be between 26 and 27 
million acres. The value of alfalfa is its protein content; the protein 
per acre in alfalfa exceeds that of the previously mentioned crops. 
This is the primary reason for alfalfa accounting for 50% of total 
hay production in the United States. It is a basic component for the 
feeding of livestock as well as a rich source of nectar for honey 
bees. Alfalfa is also used in crop rotations because of its ability to 
fix nitrogen, improve soil structure, and to reduce pest problems for 
other crops (Fick & Mueller 1989). 
Alfalfa a good habitat for a variety of entomophagous and 
phytophagous insects (Steffey & Armbrust 1991). Among the most 
important plant feeding insects found in alfalfa, the introduced 
alfalfa weevil Hypera postica (Gyllenhal) (Coleoptera: 
Curculionidae) and the closely related Egyptian alfalfa weevil 
Hypera brunneipennis (Boheman) can cause great economic damage 
to alfalfa. Greatest damage to alfalfa occurs during early growth, 
while older stems may be able to withstand feeding injury (Steffey 
& Armbrust 1991). High densities of weevils, however, can 
dramatically reduce both yield and quality of alfalfa forage. 
The potato leaf hopper Empoasca fabae (Harris) (Homoptera: 
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Cicadellidae) is also an ecomomic pest of alfalfa. Because of its 
inability to overwinter, potato leaf hoppers migrate in the spring 
from the Gulf states to midwestern alfalfa fields (Steffey & 
Armbrust 1991). These insects cause damage by sucking fluids from 
alfalfa plants which causes a yellowing of the leaves and subsequent 
loss in percent crude protein, dry matter, and plant vigor. 
Extensive literature has been published on both H. postica and E. 
fabae (Steffey & Armbrust 1991). Wood et al. (1978) compiled a 
bibliography of 1936 references on H. postica. Management of the 
weevil has relied heavily on the use of insecticides to suppress pest 
populations (Steffey & Armbrust 1991). Current Iowa State 
University Extension recommendations calls for the use of 
insecticides or early cutting (first harvest) when economic 
thresholds are surpassed. Efforts have been made by federal and 
state workers to biologically control H. postica in the United States 
(Dysart & Day 1976). Since 1911, releases of 13 species of exotic 
parasitic insects have been made in an effort to reduce alfalfa 
weevil populations to levels observed in Europe. By 1991, eight 
species of parasitoids were reported to be established in the United 
States (Burger & Bryan 1991). The importation and release of 
natural enemies of the H. postica has saved East Coast alfalfa 
growers millions of dollars each year in reduced insecticide use and 
alfalfa damage (Day 1981). H. postica populations are often 
maintained at levels below which insecticide use is needed. Small 
amounts of larval feeding may cause increases in yield because of 
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stimulated plant regrowth (Steffey & Armbrust 1991). Also, non¬ 
economic populations of weevil hosts support populations of 
parasitoids, predators, and pathogens. 
There are over 3 million acres of alfalfa and alfalfa/ grass mixes 
in Iowa, making it a relatively important crop in farming systems. 
Burger and Bryan (1991) report that H. postica is distributed 
throughout Iowa. Economic damage by H. postica continues to occur 
despite measures to control populations. These measures include 
the spraying of insecticides, early cutting of first harvest, and 
releases of weevil parasitoids. 
Insecticide application in Iowa has relied on outdated identify- 
and-spray tactics with little regard to weevil population dynamics. 
Currently, Iowa State University recommendations discourage the 
use of insecticides on first cutting alfalfa and recommend early 
cutting as a control measure (Wintersteen et al. 1992). However, if 
a threshold of two larvae per stem is reached without sufficient bud 
production by the plants, insecticide use is recommended. If larval 
populations remain at high levels on the regrowth of alfalfa 
following first cutting, insecticides may be the only option for 
control. 
From 1975 to 1987, biological control agents were released in 
Iowa against H. postica. The State Entomologist, Carl Carlson and 
his staff released several parasitic wasps, but were unable to 
conduct research on the seasonal occurrence and impact of these 
parasitoids. Five species of parasitic Hymenoptera 
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are established in Iowa. Two larval parasitoids Bathyplectes 
curculionis (Thompson) (Ichneumonidae) and Bathyplectes anuras 
(Thompson), and an adult parasitoid Microctonus aethiopoides (Loan) 
(Braconidae) were widely recovered in southern Iowa alfalfa weevil 
populations during the 1980's (P. C. Kingsley et al., USDA, APHIS, 
PPQ, Otis, MA, unpublished data). In addition, the larval parasitoid 
Tetrastichus incertus (Ratzeburg) (Eulophidae) and the adult 
parasitoid Microctonus colesi (Drea) were collected in low numbers. 
B. curculionis is the only parasitoid that was not released in Iowa. 
This parasite was released in the Eastern and Western United States 
and has dispersed throughout much of the country. During the period 
of releases in Iowa (1975-1987), percent parasitism increased 
while peak alfalfa weevil larval densities decreased (P. C. Kingsley 
et al., USDA, APHIS, PPQ, Otis, MA, unpublished data). A negative 
correlation was shown between larval and adult weevil densities 
and percent parasitism. 
Populations of H. postica larvae are susceptible to the 
entomopathogenic fungus Zoophthora phytonomi (Arthur) 
(Zygomycetes: Entomophthoraceae) (Harcourt et al. 1974). 
Epizootics occur during peak larval numbers and periods of high 
relative humidity. This pathogen was first reported infecting up to 
13.1% of alfalfa weevil larvae in Story, Boone, and Adair Counties in 
Iowa in 1982 by Iowa State University entomologist Jim Mertins 
(Sweets 1982). By 1991, Z. phytonomi infections on H. postica 
larvae had been reported in eight Iowa counties (Burger & Bryan 
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1991). 
Regional alfalfa management programs have been developed 
because variation occurs in alfalfa weevil populations in different 
climatic regions (Steffey & Armbrust 1991). In Iowa, however, 
studies on the natural enemies of H. postica have been limited to 
release and recovery. No studies have documented the seasonal 
relationship and role that natural enemies play in suppressing H. 
postica populations. The overall objective of this thesis was to 
document the presence, seasonal development, and impact of 
beneficial species attacking H. postica populations at four 
locations in central and southcentral Iowa. Four specific objectives 
were to: 
1) Document the presence, seasonal development, and impact of 
parasitoids on H. postica populations; 
2) Document the presence and role of the entomopathogenic 
fungus Z. phytonomi on H. postica larval populations; 
3) Determine the species composition and seasonal occurrence of 
selected predators of H. postica larvae; and 
4) Examine the prey suitability of H. postica larvae for selected 
Iowa coccinellid predators. 
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Explanation of Thesis Format 
This general introduction is followed by a literature review, 
individual papers of the thesis, a general sumary, and a list of 
references cited in the introduction, literature review, and general 
summary. In paper I, the seasonal occurrence and impact of natural 
enemies of H. postica larvae in Iowa is examined. In paper II, the 
spatial relationships of H. postica predators in Iowa alfalfa fields 
is studied. In paper III, the suitability of H. postica larvae for the 
development, reproduction, and survival of Coleomegilla maculata, 
Hippodamia convergens, and Coccinella septempunctata 
(Coleoptera: Coccinellidae) is examined. These papers follow the 
general guidelines of the Entomological Society of America for 
submission to scientific journals. 
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LITERATURE REVIEW 
History 
The alfalfa weevil Hypera postica (Gyllenhal), originally 
described as Phytonomus variabilis (Herbst), is considered to be of 
Central Asian origin. It was first discovered in the United States in 
Utah in 1904 by Titus (Dysart & Day 1976). Titus (1909), suggested 
it had been imported from Europe. The alfalfa weevil remained in 12 
western states until Bissell discovered a second invasion in 
Maryland in 1952 (Armbrust et al. 1970). The weevil quickly spread 
throughout the United States and is now in all 48 contiguous states 
and four Canadian provinces (Dysart & Day 1976). 
Two strains (eastern and western) of H. postica exist in the 
United States, each with different morphological and biological 
properties (Pienkowski et al. 1969; Schroder & Steinhaur 1976). 
Hsiao and Hsiao (1985) demostrated that males of the western 
strain were infected by the rickettsia Wolbachia postica. This 
infection causes reproductive incompatability with eastern strain 
females. Based on proportionate measurements of the femur, tibia, 
pronotum, and elytra, eastern strain alfalfa weevil adults are 
smaller than western weevils. The closely related Egyptian alfalfa 
weevil (Hypera brunneipennis) (Boheman) is similar in appearance 
to H. postica and intermediate in size between the smaller eastern 
and larger western strains (Pienkowski et al. 1969). Klostermeyer 
and Manglitz (1978) showed no chromosomal differences between 
eastern and Egyptian alfalfa weevils. Differences were observed, 
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however, between western weevils and the Egyptian/ eastern 
weevils. 
Life Cycle and Biology 
Titus (1909, 1910) described the biology and life cycle of H. 
postica in Utah. The adult alfalfa weevil varies in color from a 
brown-yellow to a brown-black with a distinct stripe of dark scales 
down the center of the prothorax and the elytra. Older adults are 
often darker and may lose the scales which form the stripe (Steffey 
& Armbrust 1991). Adults range from 4 to 5.5 mm in length, males 
are shorter and narrower than females. Adults overwinter in 
haystacks, road ditches, or in alfalfa fields if there is sufficient 
ground cover (alfalfa growth) for protection. In the spring, females 
leave overwintering sites and oviposit, oval, lemon-yellow eggs 
about .2 mm in diameter in dead stems of alfalfa, on the ground, or 
in the litter. When fresh growth of alfalfa appears the adults feed 
slightly on young leaves and begin to oviposit into the stems (Titus 
1910; Davidson & Lyon 1979). 
Coles and Day (1977) report that female H. postica from New 
Jersey, Kentucky, and Indiana are capable of laying an average of 
3250 to 4200 eggs in their lifetime. The average daily production of 
eggs was 48. Davidson and Lyon (1979) reported that females lay 
about 400 eggs under field conditions. Eggs are placed in clusters of 
about 25 into incisions in the stems which are capped with frass. 
Just before hatching the eggs turn dark brown to black. 
Photopositive first instars are pale green with a black head capsule; 
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the body changes after their first meal to a green color slightly 
lighter than alfalfa. The alfalfa weevil develops through four 
instars each lasting from 8 to 10 days depending upon environmental 
temperatures. Larvae skeletonize the leaves, feeding with the anal 
end wrapped around part of the plant. Fourth instars drop to the 
ground or remain in the canopy to spin a round, openly woven, white 
cocoon for pupation. After 1 to 3 days a green pupa is formed, which 
eventually turns brown; the adult emerges 10 and 15 days later. 
Adults feed on alfalfa up to a month before entering aestivation 
(Titus 1910; Davidson & Lyon 1979). 
Migration from alfalfa occurs during warm summer months; the 
summer is spent in weedy areas near the alfalfa field. In 
unharvested fields, however, weevils do not leave alfalfa fields 
because a sufficiently sheltered environment exists (Manglitz 1976). 
Aestivation is considered to be a true diapause in the alfalfa weevil 
(Guerra & Bishop 1962). The weevil undergoes aestival diapause 
during the summer months in response to longer day lengths (Tauber 
et al. 1986). Under field conditions, diapausing females require 6 
months to reach sexual maturity, whereas adults emerging in early 
fall (non-diapausing) require 81 days for development (Guerra & 
Bishop 1962). 
In the late fall, weevils return to alfalfa fields to feed, mate, and 
lay eggs before overwintering (Summers et al. 1981). Eggs are 
produced if fall temperatures are mild enough for ovarian 
development (Tauber et al. 1986). Litsinger and Apple (1973a) 
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showed that less than 37% of female weevils oviposit in the fall in 
Wisconsin. Loan et al. (1983) described occasional egg production in 
the fall in Ontario. In South Carolina, however, most females 
undergo sufficient ovarian development to oviposit in autumn 
(Tombes 1964). In climates of low temperature, survivability of 
overwintering eggs is low or absent. Often, eggs laid in the fall 
survive the winter and hatch in Utah and California, suggesting a 
second generation (Clausen 1978). 
Physiological Response to Environmental Conditions 
The effect of temperature on the biology of H. postica has been 
studied extensively (LaCato & Pienkowski 1970; Parks 1914; 
Schroder & Steinhauer 1976). Parks (1914) observed that warmer 
weather in the spring initiates oviposition activities. Embryonic 
development and egg hatch is observed between 12 and 36°C, at 95- 
100% relative humidity (Koehler & Gyrisco 1961). In Illinois, weevil 
eggs require an accumulation of 313 degree days above a base 
temperature of 44.5°F (6.9°C) to hatch (Roberts et al. 1970). 
Litsinger and Apple (1973b) conducted a detailed study on the 
developmental thresholds required for each stadia of the alfalfa 
weevil in Wisconsin. Degree days of 70.6, 140.6, 207.0, and 297.9 
were required above a base of 48°F (8.9°C) for 50% development 
from eclosion through first to fourth stadia, respectively. 
Temperatures below 5.5°C appear to be the stimulis for adults to 
re-enter the field after summer aestivation (Summers et al. 1981). 
Photoperiod effects the behavior and diapause induction in H. 
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postica. During larval development exposure to a long-day 
photoperiod (16:8) induces diapause in eastern adults (DeWitt & 
Armbrust 1972). Schroder and Stenhauer (1976) confirmed that 
eastern strain H. postica did not enter diapause when reared under a 
8:16 photoperiod. Western weevils, however, feed for a short time 
and entered an extended diapause when reared under an 8:16 
photoperiod. H. postica also demonstrates diurnal variation in 
activity with more adult activity and feeding occuring at night 
(Warner & Ritcher 1974). 
Impact of Hypera postica on Alfalfa 
The alfalfa weevil, H. postica, caused 40 million dollars in 
losses (control costs) in alfalfa production in a single year (Day, 
1981). Damage by the weevil is caused by adult and larval feeding, 
but the larvae do most of the damage by feeding on growing tips, 
buds, and leaves (skeletonized) (Steffey & Armbrust 1991). Light 
infestations cause a "frosting" of the upper canopy, while heavy 
infestations may cause the field to appear brown because of 
complete defoliation (Summers et al. 1981). Reductions in stem 
elongation and alfalfa quality (crude protein and in-vitro dry matter 
digestibility) are observed during heavy infestations of H. postica 
larvae (Liu & Fick 1975; Hintz et al. 1976). Alfalfa yield, 
morphological stage, leaf percentage, height, in vitro digestibility, 
and crude protein content were affected by larval feeding (Fick 
1976). Also, total non-structural carbohydrate accumulation in 
taproots was delayed. Buntin and Pedigo (1986) showed that insect 
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feeding on regrowth significantly reduces dry-matter yield, but has 
less of an effect on plant development and forage quality. 
Light infestestations of H. postica can be beneficial to alfalfa 
growth. Yield increases in alfalfa can occur as a result of H. 
postica larval feeding (Steffey & Armbrust 1991). Increases in dry 
matter yield and stem production are observed as the alfalfa 
overcompensates in response to larval feeding (Mathur & Pienkowski 
1967; Godfrey & Yeargan 1987). 
Peterson et al. (1992) demonstrated that both simulated and 
actual defoliation of alfalfa did not significantly affect 
photosynthetic rate even though photosynthetic area was reduced in 
defoliated plants. Increases in defoliation caused decreases in the 
rate of leaf senescence for the remaining leaves. 
Natural Enemies of Hypera postica 
The importation and release of natural enemies for the control of 
the alfalfa weevil H. postica was initiated in 1911 by the 
introduction of the egg parasitoid Pattason luna (Girault) 
(Mymaridae) (Clausen 1978). Since then, federal and state workers 
have mass released 13 parasitoid species (Dysart & Day 1976). 
Several researchers have also documented the seasonal presence and 
biology of indigenous predators that attack the exotic alfalfa weevil 
in the United States (Barney & Armbrust 1981; Dysart 1988; Barney 
& Pass 1986; Howell & Pienkowski 1971). The impact of alfalfa 
weevil pathogens, such as the entomopathogenic fungus Z. 
phytonomi, has been well documented (Harcourt et al. 1977; Los & 
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Allen, 1983; Brandenburg 1985). 
Parasitoids 
Since 1980, eight hymenopterous parasitoids have been recovered 
from alfalfa weevil populations in the United States and are 
presumed to be permanently established (Burger & Bryan 1991). 
They include egg, larval, pupal, and adult parasitoids. 
Egg Parasitoids. P. tuna was collected in Italy and released 
from 1911 to 1913, and again from 1925 to 1928 in Utah (Dysart & 
Day 1976). Adults are 1 mm long and are multivoltine in the Eastern 
United States (Dysart & Day 1976). The female deposits one or two 
eggs inside H. postica eggs and may attack several eggs in a cluster. 
The parasite overwinters in H. postica eggs, successfully 
parasitizing less than 10% of overwintering eggs (Dysart & Day 
1976). In Ontario, Ellis (1973) documented 7.8%, 26.8%, and 16.6% 
parasitism of eggs in growing alfalfa, dead stems/ grasses, and 
dying alfalfa, respectively. Hogg and Kingsley (1983) sampled 
Wisconsin alfalfa fields and reported 13% and 46.9% parasitization 
in green stems and litter, respectively. By adjusting for the 
proportion (27%) of eggs deposited in the litter, an estimated 22.4% 
of all alfalfa weevil eggs were parasitized in Wisconsin (14 April - 
27 May). 
Larval Parasitoids: B. curculionis was released in Utah from 
1911-13, and subsequently dispersed throughout the Western United 
States (Dysart & Day 1976). Successful recolonization in the 
Eastern United States occurred in Delaware, New Jersey, and 
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Virginia from a California stock in 1959. Since then B. curculionis 
has spread across most of the United States. B. curculionis goes 
through one full generation in the spring before the host larval peak, 
and a subsequent partial second generation (Dysart & Day 1976). B. 
curculionis overwinters as a larva within a cocoon. 
Early records of parasitism by B. curculionis in Utah showed 
rates from 5 to 100 percent (Chamberlin 1926). However, 
percentage mortality in middle Atlantic states has generally been 
from 5 to 25 percent (Dysart & Day 1976). B. curculionis 
parasitized an average of 42% of sampled H. postica larvae in 
Oklahoma (Berberet et al. 1978). In Ontario, B. curculionis acts in a 
density independent manner; Harcourt et al. (1977) concluded that 
this species contributes little to alfalfa weevil population trends. 
Encapsulation of parasitoid eggs can seriously effect parasitoid 
populations (Berberet et al. 1987). Encapsulation, however, may be 
avoided if superparasitism occurs (Puttier 1967). H. postica larvae 
are unable to encapsulate supernumerary eggs and immunity usually 
breaks down. In Wyoming B. curculionis is attacked by a complex of 
hyperparasites (Eupteromalus albopilosus Graham, E. albopilosus 
Graham, Sceptrothelys grandiclava (Walker), and S. intermedia 
Graham) resulting in percentages of hyperparasitism up to 67% (Pike 
& Burkhardt 1974). 
The larval parasitoid B. anuras was originally released in 1960 
with recoveries in Pennsylvania and New Jersey during 1964 (Dysart 
& Day 1976). Because of subsequent recolonization efforts, B. 
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anuras is found throughout much of the United States and is 
relatively abundant in the northeast and midwest (Burger & Bryan 
1991). B. anuras goes through one generation per year, and 
overwinters within its cocoon. From 6 to 37 percent of H. postica 
larval populations have been reported to be parasitized (Dysart & 
Day 1976). B. anuras acts in a inversely density dependent manner 
and is highly synchronized with H. postica larval populations 
(Latheef et al. 1979). In areas where this parasitoid is established 
Harcourt (1990) and Dowell and Horn (1977) conclude that B. anuras 
is the dominant larval parasitoid because of its high reproductive 
capacity, rapid searching and handling time, and the ability to 
successfully attack older surviving larvae without becoming 
encapsulated. These attributes enhance its chance to escape death 
from the entomopathogenic fungus Z. phytonomi (Harcourt 1990). 
Releases of Bathyplectes stenostigma (Thomson) 
(Ichneumonidae) were initiated in the midwestern and northeastern 
United States in 1964, with initial recoveries occurring in 1970 
(Dysart & Day 1976). Recolonization efforts have not been very 
successful (Dysart & Day 1976). By 1991, B. stenostigma had been 
recovered in only five northeastern states, and ten midwestern and 
western states (Dysart & Day 1976; Burger & Bryan 1991). In 
Massachusetts during 1974 and six years after releases, B. 
stenostigma prasitized over 7 percent of sampled alfalfa weevil 
larval populations (Dysart & Day 1976). This dark brown wasp goes 
through one generation per year overwintering within its own 
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cocoon. The light brown cocoon is 3.8 mm long and does not have a 
distinctive white stripe around the center, which characterizes B. 
curculionis and B. anuras (Dysart & Day 1976). 
Initial releases of the larval parasitoid T. incertus were made in 
1960 and 1962 into the Northeastern United States (Dysart & Day 
1976). Succesfully established populations in New Jersey, Maryland, 
Delaware, and Pennsylvania served as sources for recolonization in 
other states. Redistribution of T. incertus, however, has been 
largely unsuccessful and confined mainly to the Northeastern United 
States and California (Burger & Bryan 1991). Streams and Fuester 
(1967) reported averages of 71 and 73 percent parasitism in 
southeastern Pensylvania alfalfa fields during 1964 and 1965. In 
New York T. incertus parasitizes on average between 3.3 and 7.9 
percent of H. postica larvae per year (Horn 1971). T. incertus is a 
gregarious larval parasitoid about 1-1.5 mm long as an adult. Four 
to seven parasites complete development within a single host larva. 
T. incertus goes through 3 to 4 generations per year (Dysart & Day 
1976). Overwintering is spent in the prepupal stage in the host skin. 
T. incertus acts in a density independent manner in Ontario alfalfa 
fields (Harcourt et al. 1977). 
Pupal Parasitoids: Dibrachoides dynastes (Foerster) 
(Pteromalidae) was released into the eastern United States from 
1959 to 1964, with no successful establishment (Dysart & Day 
1976). In 1967, D. dynastes was successfully established in San 
Diego County in California. This parasitoid is now established at 
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two localities in California, and one in Wyoming, despite many 
efforts to recolonize throughout the United States (Burger & Bryan 
1991). D. dynastes parastizes prepupae and pupae of H. postica 
(Dysart & Day 1976). Several eggs are laid on a H. postica prepupa 
or pupa within the host cocoon; upon hatching the parastioid larvae 
feed externally on the host, with 3 to 5 parasites reaching maturity. 
Adults have a metallic-green head and thorax and are 2 to 3 mm long. 
D. dynastes goes through two generations per year and overwinters 
as an adult (Dysart & Day 1976). 
Adult Parasitoids: M. aethiopoides was first released in 1957 
and established in New Jersey in 1961 (Dysart & Day 1976). 
Recolonization efforts and natural dispersal of the wasp has spread 
this species throughout most of the Northeastern and Midwestern 
United States (Burger & Bryan 1991). M. aethiopoides adults are 3 
mm long; females are red-brown and the males are black (Dysart & 
Day 1976). Two generations develop per year in the eastern United 
States. In the spring female adults lay one egg in overwintered 
alfalfa weevil adults. The mature parasitoid larva exits the host 
(killing it) and forms a cocoon in the soil litter. Adults eclose in 2 
to 3 weeks and oviposit in newly emerged adult H. postica. First 
instars overwinter within the host and emerge in the spring. 
Females and many males are rendered sterile by parasitism (Dysart 
& Day 1976). In the Middle Atlantic States M. aethiopoides 
parasitizes between 70 and 90 percent of overwintering adult H. 
postica (Dysart & Day 1976). Also, second generation wasps 
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parasitize on average 7 to 39 percent of newly emerged weevils. M. 
aethiopoides kills an average of 41.5% of adults in central Iowa 
from May 12 to June 23 (Mertins 1984). 
M. colesi was recovered in 1962 in Pennsylvania despite no 
records of releases of this parasitoid in the United States (Dysart & 
Day 1976). Recolonization efforts have not been as successful as 
those for M. aethiopoides. This parasitoid is now established in the 
Northeastern and Midwestern United States (Burger & Bryan 1991). 
M. colesi adults are 3 mm long, black, and all are female (Dysart & 
Day 1976). This wasp goes through one generation per year, laying 
an egg in late instar alfalfa weevil larvae. Larva of the wasp 
overwinter within the adult host and emerge in the spring (killing 
the host). Schroder and Dodson (1985) report parasitization from 2 
to 22 percent of adults collected in Maryland. From 1 to 18 percent 
of newly emerged alfalfa weevil adults collected in the Middle 
Atlantic States (1969-1973) were parasitized (Dysart & Day 1976). 
Predators 
Barney and Armbrust (1981) compiled an extensive list of the 
known insect predators of the alfalfa weevil found in Illinois alfalfa 
fields. Predators species from the insect orders Orthoptera, 
Dermaptera, Thysanoptera, Hemiptera, Coleoptera, Neuroptera, and 
Hymenoptera were evaluated as to their importance by field and 
laboratory feeding observations. The criteria for these evaluations 
were, however, based soley on qualitative observations. In 
Kentucky, ground beetles (Coleoptera: Carabidae) were observed to 
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feed on both larval and adult H. postica (Barney & Pass 1986). The 
alfalfa weevil egg predator Peridesmia discus (Hymenoptera: 
Pteromalidae), was established in the eastern United States (Dysart 
1988). Also, members of the spider families Salticidae, Thomisidae, 
Oxyopidae, Tetragnathidae, and Lycosidae prey upon various stages 
of the alfalfa weevil (Howell & Pienkowski 1971). 
The preference of several coleopteran predators for H. postica 
larvae has been documented (Hussain 1974; Yadava & Shaw 1968). 
Collops bipunctatus (Say) (Coleoptera: Melyridae) significantly 
preferred H. postica larvae to pea aphids (Acyrthosiphon pisum 
(Harris)), whereas Hippodamia convergens (Coleoptera: 
Coccinellidae) and Coccinella transversoguttata (Coleoptera: 
Coccinellidae) showed no preference between pea aphids and alfalfa 
weevil larvae (Hussain, 1974). Both larvae and adults of H. 
convergens prefer pea aphids to alfalfa weevil larvae, but if 
starved feed on H. postica larvae (Yadava & Shaw 1968). 
Coleomegilla maculata (Coleoptera: Coccinellidae) prefers pea 
aphids to alfalfa weevil larvae, but will feed on H. postica larvae 
(Yadava & Shaw 1968) . 
Pathogens 
Populations of alfalfa weevil larvae are susceptible to the fungus 
Z. phytonomi (Harcourt et al. 1974). This fungus was first 
described as a pathogen of the clover-leaf weevil Hypera punctata. 
Harcourt et al. (1981) designates the current scientific name of 
Zoophthora phytonomi to a pathogen of both the alfalfa and clover- 
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leaf weevil. A second species (Entomopthora phytonomi) was 
reported to infect only H. postica populations (Harcourt et al. 1981). 
However, previous and subsequent studies of the fungus have 
reported only one species of fungus under the genus names Erynia, 
Entomopthora, or Zoophthora (Brandenburg 1985; Goh et al. 1989b; 
Harcourt et al. 1974, 1990; Los & Allen 1983). 
Harcourt et al. (1974) first reported infection of alfalfa weevil 
larvae and cocoons by Z. phytonomi in Ontario. Since then Z. 
phytonomi has spread throughout much of the United States (Burger 
& Bryan 1991). During peak larval numbers and high atmospheric 
moisture levels, epizootics (^ 50% larval mortality) generally occur 
over a period of about 2 weeks (Harcourt et al. 1990). Millstein et 
al. (1982) demonstrated that 3 successive hours of at least 91% 
relative humidity were needed to initiate showering of infective 
conidia. Brown and Nordin (1982) reported a threshold for 
epizootics of 1.7 larvae per stem in Kentucky. However, extremely 
high intracanopy relative humidity levels can initiate epizootics on 
H. postica populations at larval densities of 0.9 per 0.09 
(Harcourt et al. 1990). 
Mortality caused by Z. phytonomi in Ontario ranged from 65-90% 
of larvae collected in the field; 42-53% of prepupae were also 
infected (Harcourt et al. 1974). High levels of mortality by Z. 
phytonomi have also been reported in Virginia, Oklohoma, Missouri, 
and Nebraska (Los & Allen, 1983; Puttier et al. 1978; Goh et al. 
1989b). Larvae killed by the fungus result in two cadaver types 
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(Harcourt et al. 1974). During peak populations most cadavers are 
light tan to creamy brown and attached to an alfalfa leaflet (Type 1). 
These cadavers are usually covered with dense mycelial growth or 
surrounded by a white halo of conidia. The conidia are oblong and 
rounded at the ends measuring 21.1 micrometers by 9.2 micrometers. 
Type 2 cadavers are black, shrivelled, and brittle and are most 
common during declining epizootics (Harcourt et al. 1990). These 
larvae are third or fourth instars, hollow, and filled with resting 
spores (Watson et al. 1981; Harcourt et al. 1990). Resting spores 
are spherical (34 micrometers diam.) and light gray. The fungus acts 
in a density-dependent manner in Ontario and is the key factor 
responsible for larval population declines (Harcourt et al. 1977). 
Biological Control of Hypera postica 
The importation and release of natural enemies against Hypera 
postica is considered a successful classical biological control 
program in the northeastern United States (Day 1981). In areas of 
the northeastern United States where populations of P. luna, B. 
curculionis, B. anuras, T. incertus, M. colesi, and M. aethiopoides 
are established, 73% of all alfalfa fields do not have sufficient 
weevil populations to justify the use of insecticides. In the 
northeastern United States, an estimated 8 million dollars per year 
is being saved (reduced insecticide use) because of the actions of 
these natural enemies (Day 1981). In an economic analysis of the 
alfalfa weevil biological control program, Moffit et al. (1990) 
concluded that the benefits of this program for the entire United 
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States are equivalent to $88 million dollars per year (1987 dollar). 
Despite the success of the USDA program, H. postica continues to 
be a pest of alfalfa in many locations of North America (Brandenburg 
1985; Harcourt 1985; Harcourt & Guppy 1991; Goh et al. 1989b; 
Steffey & Armbrust 1991). Geographical regions in North America 
have unique environmental conditions and thus the seasonal 
development of the weevil in relation to alfalfa growth varies 
(Steffey & Armbrust 1991). The activity of natural enemies in these 
regions subsequently differs. Populations of H. postica in Ontario 
have exhibited sporadic outbreaks and collapses since 1974 when 
the entomopathogenic fungus Z. phytonomi was first discovered 
infecting larval populations (Harcourt et al. 1974; Harcourt et al. 
1984; Harcourt & Guppy 1991). The pathogen is generally able to 
suppress populations of H. postica in Ontario, because of the 
relatively moist spring conditions (Harcourt et al. 1984). Extremely 
dry conditions in Ontario have lead to population outbreaks of the 
weevil (Harcourt 1985). Populations of H. postica continue to reach 
epidemic levels in Oklahoma and Missouri despite the presence of 
parasitoids and Z. phytonomi (Goh et al. 1989b; Brandenburg 1985). 
Epizootics of disease generally occur after peak populations of H. 
postica larvae in Oklahoma and Missouri, which subsequently do not 
protect the crop from damage. 
Disruptions of the alfalfa weevil/ natural enemy system by Z. 
phytonomi are similar to those resulting from insecticide 
applications (Los & Allen 1983). Massive epizootics decimate host 
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populations of H. postica larvae which has a negative impact on 
parasitoids by direct mortality (mycosis in larval parasitoids) and 
reduced host availability. Goh et al. (1989a) reported that 
infections of H. postica larvae by Z. phytonomi reduced survival of 
second generation B. curculionis by greater than 90 percent in 
Oklahoma. Harcourt (1990) suggests that the reduced role of B. 
curculionis in Southern Ontario is caused by epizootics of Z. 
phytonomi. B. anuras has become the dominant larval parasitoid in 
many alfalfa growing regions because of its efficiency as a 
parasitoid, and the ability to avoid mycosis from Z. phytonomi 
(Harcourt 1990). 
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PAPER I 
SEASONAL OCCURRENCE AND IMPACT OF NATURAL ENEMIES OF 
HYPERA POSTICA (COLEOPTERA: CURCULIONIDAE) LARVAE IN 
IOWA 
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ABSTRACT 
The entomopathogenic fungus Zoophthora phytonomi 
(Zygomycetes: Entomophthorales) (Arthur) infected populations of 
Hypera postica (Gyllenhal) (Coleoptera: Curculionidae) larvae in 
central and southcentral Iowa in 1990, 1991, and 1992. In May 1990 
at Marion and Lucas counties (Iowa), outbreaks of Z. phytonomi 
occurred in late May during population declines of H. postica larvae. 
In 1991, from 30 March to 28 May, rainfall averaged between 3.6-7.0 
mm per day, resulting in epizootics of disease that reduced total 
larval populations from 14.7-61.1% at four locations in Iowa. First 
incidence of disease in 1991 occurred between 300-364°F degree 
days (base 48°F). In 1992 from 9 April to 8 June, outbreaks of Z. 
phytonomi occurred during declining populations of H. postica 
larvae and did not prevent larvae from reaching peak numbers. 
Parasitization rates of H. postica larvae by Bathyplectes 
curculionis (Thompson) (Hymenoptera: Ichneumonidae) and B. 
anuras (Thompson) ranged from 2.2-27.6% in 1991 and 1992. 
Parasitization rates by B. curculionis declined during epizootics of 
Z. phytonomi each year, suggesting a negative effect of Z. 
phytonomi on this hymenopterous larval parasitoid. B. anuras has 
become the most abundant larval parasitoid at two locations in 
Southern Iowa from 1990-1992 following epizootics of Z. 
phytonomi. 
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INTRODUCTION 
The alfalfa weevil, H. postica, continues to be a sporadic pest of 
alfalfa in North America despite an abundance of natural enemies 
(Dysart & Day 1976; Harcourt 1985; Harcourt & Guppy 1991; Steffey 
& Armbrust 1991). These natural enemies include several 
hymenopterous parasitoids attacking the egg, larval, pupal, and adult 
stages of H. postica (Dysart & Day 1976). In addition, an 
entomopathogenic fungus Z. phytonomi attacks and kills H. postica 
larvae and pupae, occasionally causing mortality greater than 90% in 
Ontario (Harcourt et al. 1974; Harcourt et al. 1990). 
Two of the most common parasitoids attacking H. postica larvae 
are the ichneumonids B. curculionis and B. anuras (Dysart & Day 
1976). B. curculionis occurs throughout much of the United States 
and Canada parasitizing between 5-25% of H. postica larvae (Dysart 
& Day 1976; Burger & Bryan 1991). The effectiveness of this 
parasitoid is reduced because of its succeptability to host 
encapsulation, high mortality in conjunction with Z. phytonomi 
infections, and a suppressive hyperparasite complex (Dowell & Horn 
1977; Goh et al. 1989a; Harcourt et al. 1990; Puttier 1967). B. 
anuras is not as widespread throughout alfalfa growing regions as 
B. curculionis because of its inability to rapidly disperse (Burger & 
Bryan 1991; Dowell & Horn 1977; Dysart & Day 1976). Mass releases 
have, however, relocated populations of this parasitoid to many 
regions of the United States and Canada (Burger & Bryan 1991). In 
areas where B. anuras is established, both Harcourt (1990) and 
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Dowell and Horn (1977) concluded that it is the dominant larval 
parasitoid because of its high reproductive capacity, rapid searching 
and handling time, and the ability to successfully attack older 
surviving larvae without becoming encapsulated. Harcourt et al. 
(1974) first reported infections of H. postica larvae and pupae by 
Z phytonomi in Ontario. Since then, the pathogen has rapidly spread 
to many alfalfa growing regions throughout the United States, often 
causing significant mortality on H. postica larval populations 
(Burger & Bryan 1991; Goh et al. 1989b; Harcourt et al. 1990; Los & 
Allen 1983; Nordin et al. 1983; Putler et al. 1980). The phenology of 
Z. phytonomi is dependent upon host availability and density (which 
are driven by degree day accumulations) and atmospheric moisture 
levels (Harcourt et al. 1990). Millstein et al. (1982) demonstrated 
that three successive hours of at least 91% relative humidity were 
needed to initiate showering of infective conidia and the subsequent 
spread of disease. Brown and Nordin (1982) reported a host density 
threshold for epizootics of 1.7 H. postica larvae per stem in 
Kentucky. However, epizootics on H. postica larval populations have 
occurred in Ontario at densities as low as 0.9 larvae per stem 
(Harcourt et al. 1990). 
Because B. curculionis and B. anuras often parasitize larval H. 
postica during epizootics of the fungal pathogen Z. phytonomi, it is 
important to understand the interactions involved in this natural 
enemy complex (Harcourt et al. 1984; Los & Allen 1983; Steffey & 
Armbrust 1991). In Oklahoma, infections of H. postica larvae by Z. 
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phytonomi reduced survival of second generation B. curculionis by 
more than 90 percent (Goh et al. 1989a). Los and Allen (1983) 
suggested that interference occurs between B. anuras and Z. 
phytonomi in Virginia; negative correlations between numbers of 
these two natural enemies were observed during epizootics of the 
disease. Z. phytonomi was first reported in Iowa on May 17 1982, 
infecting 13.1% of H. postica larvae collected on a single date 
(Sweets 1982). However, no subsequent studies were conducted to 
document the seasonal impact of this disease on H. postica 
populations. 
In Iowa, H. postica is one of the most destructive pests of 
alfalfa (Wintersteen et al. 1992). H. postica is mainly a pest of 
first harvest alfalfa in the spring, but defoliation can occur on young 
regrowth following first harvest (Buntin & Pedigo 1986). From 
1975-1987, the State Entomologist, Carl Carlson, in cooperation 
with USDA-APHIS released several H. postica parasitoids including 
B. anuras, Tetrastiches incertus (Ratzburg) (Eulophidae), 
Dibrachoides dynastes (Foerster) (Pteromalidae) Microctonus 
colesi (Drea) (Braconidae) , and M. aethiopoides (Loan) in Iowa. By 
1991, only D. dynastes had not been recovered in Iowa (Burger & 
Bryan 1991). In the only study in Iowa examining parasitism rates 
from these releases, M. aethiopoides was observed killing an 
average of 41.5% of H. postica collected in central Iowa adults from 
May 12 to June 23 (Mertins 1984). 
From 1981-1987, percent parasitism increased while peak H. 
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postica larval densities decreased; a negative correlation was 
shown between larval and adult weevil densities and percent 
parasitism (P. C. Kingsley et a!., USDA, APHIS, PPQ, Otis, MA, 
unpublished data). However, in May 1989 larval populations reached 
economic densities in southern Iowa requiring insecticide 
applications for control (Rice 1989). This sudden outbreak of H. 
postica following a period when established natural enemies 
effectively reduced weevil populations was unexplained and not 
understood. 
The objective of this study was to document the seasonal 
occurrence and impact of natural enemies attacking H. postica 
larvae at four locations in central and southcentral Iowa. This field 
study examined the interactions among biotic mortality factors (Z. 
phytonomi, B. anuras, and B. curculionis), and the effect of abiotic 
factors (temperature and moisture) on host density and the 
phenology of the Z. phytonomi. 
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MATERIALS AND METHODS 
1990. In 1990, alfalfa (Medicago sativa L.) fields at two 
locations in southcentral Iowa were sampled every 7 days for H. 
postica larvae from 2 to 31 May. Sampling sites were located in 
Marion (Don Synhort-private grower's farm, 1.6 km SW of Knoxville) 
and Lucas (ISU McNay Research Center, 8 km W of Chariton) Counties 
(Figure 1). The sample plot at Lucas County was 49 x 49 m and 
divided equally into sixteen subplots (12.2 x12.2 m). The Marion 
County plot was 98 x 24.5 m and divided equally into sixteen 
subplots (6.1 x 24.5 m). A modification of the sampling procedure 
developed by Guppy et al. (1975) was used to collect H. postica 
larvae. On each sampling date (at each location), two six-stem 
alfalfa sampling units were collected (from each subplot) within a 
randomly thrown 0.09 sampling frame. These units were bagged, 
placed in a chilled cooler, and transported to the laboratory. Up to 
10 H. postica larvae from each subplot were collected and 
individually reared in glass vials on alfalfa terminals at 24°C and a 
photoperiod of 16:8 (L:D). Larvae were supplied with greenhouse 
grown alfalfa (cultivar 'Vernal') every two days until adult eclosion, 
emergence of B. curculionis or B anuras, or death. 
1991-1992. During 1991 and 1992, alfalfa fields in Story (ISU 
Johnson Farm, 1.8 km S of Ames, 1991; ISU Horticultural Research 
Station, 9.6 km NE of Ames, 1992) and Polk (ISU Research Farm, 
Ankeny) Counties were sampled, along with the same fields in 
Marion and Lucas Counties. Each field was sampled for H. postica 
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larvae every 3-14 days. In 1991, fields were sampled from 30 March 
to 28 May, or until first harvest occurred. In 1992, fields were 
sampled from 9 April to 8 June, or until first harvest occurred. 
Sampling sites were separated by approximately 40 kilometers 
along a north-south transect from Story to Lucas County (Figure 1). 
In 1991, the Story County field plot was 98 x 24.5 m, and 49 x 49 m 
in 1992). The sample plots at Polk and Lucas counties were 49 x 49 
m; the Marion County sample plot was 98 x 24.5 m. All plots at each 
location, each year, were divided equally into eight subplots (24.5 x 
12.3 m). 
On each sampling date (at each location), four six-stem sampling 
units were collected (from each subplot) within a randomly thrown 
0.09 m^ sampling frame. These units were bagged, placed in a 
chilled cooler, and transported to the laboratory. Up to 20 H. 
postica larvae from each subplot were collected and individually 
reared in glass vials on alfalfa terminals at 24°C and a photoperiod 
of 16:8 (L:D). Larvae were supplied with greenhouse grown (and field 
collected in 1992) alfalfa every two days until adult eclosion, 
emergence of B. curculionis or B anuras, or death. The remaining 
stems and foliage from each subplot was placed into modified 
Berlese-Tulgren funnels to extract remaining larvae for population 
estimates (DeGooyer 1993). 
From 1990-1992, from twelve to fifty 0.09 m^ stem count 
samples were taken at each location to estimate alfalfa stand 
density. 
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Infection by Z. phytonomi. Infection rates of Z. phytonomi 
were determined by individually rearing H. postica larvae from each 
location on each sampling date. Rates of infection were calculated 
by dividing the number of infected larvae by the number of larvae 
reared from each subplot. Subplot percentages were averaged to 
calculate the mean percentage of H. postica larvae infected by Z. 
phytonomi for each sampling date, at each location. The number of 
diseased H. postica larvae per 0.09 m2 was estimated by 
multiplying the percentage infection for each sampling date by H. 
postica larval density estimates (DeGooyer, 1993) (Figures 2 & 3). 
Type-1 and Type-2 infections of H. postica larvae by Z. 
phytonomi were identified by the following cadaver characteristics 
described by Harcourt et al. (1974, 1990). Type-1 (conidia 
production) cadavers were tan to pale yellow and attached' to a 
leaflet or to the side of a glass vial by protruding rhizoids. 
Protruding conidiophores were often present on the cuticle of 
infected larvae, however, a surrounding halo of conidia was rarely 
present because dry conditions within each vial inhibited conidia 
discharge. Type-2 cadavers were black, brittle, and filled with 
resting spores. These larvae were not attached to leaflets or to 
glass vials, and were occasionally found dead within a spun cocoon. 
All infections of H. postica larvae by Z. phytonomi were observed 
within six days of field collection. 
In this study, epizootics of Z. phytonomi will be defined by 
infection rates of 50% or more (Harcourt 1990), whereas outbreaks 
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will be defined by rates less than 50%. 
Parasitism. Parasitization rates of H. postica were 
determined by individually rearing H. postica larvae from each 
location on each sampling date. Rates of parasitism were calculated 
by dividing the number of parasitized larvae by the number of larvae 
reared from each subplot. Subplot percentages were averaged to 
calculate the mean percentage of H. postica larvae parasitized for 
each sampling date, at each location. An estimate of the number of 
parasitized H. postica larvae per 0.09 was calculated by 
multiplying the percentage of H. postica larvae parasitized by 
estimates of H. postica larval densities for each sampling date 
(Figure 2, 3) (DeGooyer, 1993). The larval parasitoids B. curculionis 
(B.c.) and B. anuras (B.a.1 were identified to species by cocoon 
characteristics (Day 1970), and confirmed by R. W. Carlson at the 
USDA Systematic Entomology Laboratory, Beltsville Maryland. 
Parasitoid larvae that emerged from prepupal H. postica and did not 
spin a cocoon were not identified to species, but were included when 
calculating the total percentage parasitism for each sampling date. 
These parasitoid larvae were designated as "PA?". 
Environmental Conditions. Daily temperatures and rainfall at 
all locations (1 January to 30 June) were recorded for each year 
(Iowa Climate Review 1990, 1991, 1992). Maximum and minimum 
temperatures at each location were used to estimate degree day 
accumulation above a base temperature of 48°F (8.9°C) after 1 
January (Litsinger & Apple 1973). Rainfall days (Table 1) were the 
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number of days that measurable rainfall was recorded during the 
period when H. postica larvae were collected at each sampling site. 
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RESULTS 
1990. Parasitism in Marion County peaked at 24% at 421 degree 
days (base 48°F) (Figure 2-A). B. curculionis was the most 
abundant larval parasitoid in Marion County in May accounting for 
65% of larval parasitism (Table 2). Thirteen percent of the larvae 
were parasitized by B. anuras. Twenty two percent of the 
parasitoid larvae emerging from H. postica larvae did not spin 
cocoons, and died. The incidence of Z phytonomi increased during 
May 1990 in Marion County, peaking at 52% (550DD) (Figure 2-A). Z. 
phytonomi was first detected after the accumulation of 342 degree 
days (°F). From 3 April to 31 May, rainfall averaged 4.5 mm per day, 
with rain occurring on 21 of 49 days (Table 1). 
Parasitism by B. curculionis and B. anuras in May peaked at 
12.0% (441DD), declining to 3.4% (508DD) at the time of harvest. B. 
curculionis was the most abundant larval parasitoid in Lucas 
County in May, 1990 (B.c.-48.0%. B.a.-28.0%1 (Table 2). Twenty four 
percent of the parasitoid larvae emerging from H. postica larvae did 
not spin cocoons, and died. Z. phytonomi was first detected after 
the accumulation of 386 degree days (°F). Peak mortality 
attributable to Z. phytonomi in Lucas County was 34.6% (508DD). 
From 3 April to 24 May, rainfall averaged 4.1 mm per day, with rain 
occurring on 19 of 42 days (Table 1). 
1991-1992. B. curculionis, B. anuras, and Z. phytonomi were 
recovered from field collected H. postica larvae at all locations in 
1991 and 1992 (Table 2). In 1991, first incidence of parasitism, and 
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the parasitoid species recovered at each location was: Story - 
357DD (fLaJ, Polk - 223DD (B.c.). Marion - 268DD (B.a.). Lucas - 
245DD (BJL.)- In 1992, first incidence of parasitism, and species 
recovered at each location was: Story - 526DD (B.a. & B.c.). Polk - 
371DD (B.a. & B.c.). Marion - 349DD (B.a. & B.c.). Lucas - 321DD (B.a.). 
In 1991, peak larval parasitism at each location was: Story - 
15% (357DD), Polk - 14% (300DD), Marion - 40% (445DD), Lucas - 
44% (352DD) (Figure 3). In 1992, peak larval parasitism at each 
location was: Story - 8% (526DD), Polk - 4% (371 DD), Marion - 28% 
(511DD), Lucas - 37% (321 DD) (Figure 3). 
B. anuras was the most commonly recovered larval parasitoid in 
1991 and 1992 from Marion and Lucas counties (Table 2). In 1991, 
B. anuras represented 59%, and 78% of the total number of 
recovered parasitoids from Marion and Lucas counties, respectively. 
In 1992, B. anuras represented 69%, and 80% of the total number of 
recovered parasitoids from Marion and Lucas counties, respectively. 
Unidentified larval parasitoids (PA?) represented from 6-16% of the 
total number of recovered parastoids in Marion and Lucas Counties in 
1991 and 1992 (Table 2) In Story county, B. curculionis was most 
abundant parasitoid during low levels of parasitism in 1991 (6.2%) 
and 1992 (2.2%) of H. postica larvae (Table 2). In Polk County, the 
low numbers of both B. anuras and B. curculionis were similar in 
relative abundance between 1991 and 1992 (Table 2). 
During the sampling period in 1991, an abundance of rainfall at 
each location (Story - 3.6 mm/day, Polk - 6.5 mm/day, Marion - 7.0 
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mm/day, Lucas - 5.7 mm/day,) enhanced the initiation and 
prevalence of Z phytonomi (Table 1, Figure 4). First incidence of 
Z phytonomi at each location for 1991 was: Story - 305DD, Polk - 
300DD, Marion - 364DD, Lucas - 327DD. Infection rates steadily 
increased during the spring of 1991 in Story, Polk, and Marion 
counties (Figure 3 (A,C,E). Peak mortality by the fungus at each 
location for was: Story - 84% (607DD), Polk - 93% (523DD), Marion - 
85% (638DD). In Lucas County in 1991, infection by Z phytonomi 
peaked at 93% (636DD), 309 degree days (°F) after peak populations 
of H. postica larvae (Figure 3-G). 
In 1992, below average rainfall levels at Story, Polk, Marion 
counties (Table 1, Figure 4) inhibited initiation of Z phytonomi 
infections until late May. First incidence of Z phytonomi at each 
location was: Story - 526DD, Polk - 507DD, Marion - 684DD, Lucas - 
453DD. The average daily rainfall during the dampling period at each 
location for 1992 was: Story - 0.7 mm/day, Polk - 0.7 mm/day, 
Marion - 1.4 mm/day, Lucas - 3.4 mm/day (Table 1). Disease 
occurred during declining populations of H. postica larvae at each 
location. Peak mortality by the fungus in 1992 was: Story - 75% 
(816DD), Polk - 32% (71 ODD), Marion - 2% (684DD), Lucas - 28% 
(503DD). 
Percentages of successful H. postica adult emergence, 
parasitism (B. curculionis and B. anuras), fungal disease (Z. 
phytonomi), and unknown mortality for each sampling date (1990- 
92) from each location are summarized in appendix tables A1-A18. 
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DISCUSSION 
Mortality of H. postica by Z. phytonomi. During 1991, 
epizootics of Z phytonomi in Story, Polk, Marion, and Lucas 
counties killed between 15-61% of field collected H. postica larvae 
(Table 2). The theoretical host density threshold for an epizootic in 
Kentucky was reported to be 1.7 H. postica larvae per stem (Brown 
& Nordin 1982). In contrast, Harcourt et al. (1990) reported that 
epizootics of Z phytonomi occur on H. postica densities as low as 
0.9 larvae per stem in Ontario when rainfall during the first three 
weeks of June was 91 mm (4.3 mm/day). In 1991, we observed 
epizootics at larval densities of less than 1.3 larvae per stem (1.26- 
Story, 1.0-Polk, 0.77-Marion, 0.65-Lucas) (Figure 3-A,C,E,G) when 
rainfall levels were above average. (Table 1). 
The effectiveness of Z phytonomi is mediated by atmospheric 
moisture levels (relative humidity) (Harcourt et al. 1990). Relative 
humidity, determined in part by rainfall (amount and frequency), has 
been shown to be the major factor influencing seasonal infection 
rates of Z phytonomi (Barney & Armbrust 1981). Nordin et al. 
(1983) proposed a model that accurately described the phenology of 
Z phytonomi epizootics using intracanopy relative humidity, dew 
points, or saturation deficits as moisture parameters. Variations in 
these parameters, along with temperature and ambient relative 
humidity are highly integrated and all influence the phenology of Z. 
phtonomi epizootics. 
Rainfall was used as a moisture parameter in our study. Six 
39 
epizootics (>50% host mortality) were observed during this three 
year study; five were associated with above average rainfall, 
whereas one was not (Table 1). In 1990 and 1992 in Lucas County, 
rainfall levels were above normal, however, epizootics were not 
observed because fields were cut during the initial progression of 
disease. An epizootic was observed at Story County at 1992, when 
rainfall averaged 0.7 mm per day (Table 1). Dew formation may 
possibly be the cause of the epizootic in Story County (1992), which 
is the northernmost and coolest location. Millstein et al. (1982) 
observed conidial showering on cool nights in Kentucky when 
relative humidity was below the required 91%. In their study, dew 
formation on cadavers triggered active dispersal of conidia and 
subsequent spread of disease. 
Rainfall appears to be the major factor influencing the initiation 
of Z. phytonomi infections in H. postica larval populations in Iowa. 
First incidence of Z. phytonomi varied greatly between 1991-1992 
at each sampling site. Compared to 1992, the disease occurred from 
126 to 320 degree days earlier at each location in 1991 (Figure 4). 
The first incidence of Z. phytonomi at all locations occurred 
between 200-290°C degree days (base 9°C) (392-554°F, base 48°F) 
after 1 January in Kentucky (Nordin et al. 1983). Goh et al. (1989b) 
obtained similar results for disease initiation in Oklahoma, where 
Z. phytonomi was first observed infecting H. postica larvae after 
228-244°C degree days (base 10°C). In Ontario, first incidence 
occurred between 172-217°C degree days with an average of 204 DD 
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(base 9°C) (Harcourt et al. 1990). The results of our study show 
great variation from year to year in disease initiation (Figure 4). In 
1991, first incidence of Z. phytonomi occurred after an average of 
323°F degree days (base 48°F) (162°C, base 9°C). This low average 
appears to be the result of above average rainfall levels that 
occurred at each location in 1991 (Table 1, Figure 4). In 1992, First 
incidence of Z. phytonomi occurred after an average of477°F degree 
days (283°C, base 9°C); which is similar to previously reported 
values in Kentucky and Oklahoma. Directly comparable rainfall 
levels and disease initiation dates were not reported in the Kentucky 
and Oklahoma studies. 
Rates of infection by Z. phytonomi did not increase with H. 
postica larval populations in 1990 and 1992, as they did in 1991 
(Figure 2 & 3). Overall mortality of H. postica larvae from Z. 
phytonomi was lower in 1992 compared to 1991 (Table 2). The 
largest decline was observed in Marion County, where mortality 
attributed to Z. phytonomi decreased from 49% to 1% (Table 2). The 
early initiation and high levels of disease observed in 1991 can be 
attributed to both the amount and frequency of rainfall (Table 1, 
Figure 4). 
When rainfall levels were not above average, outbreaks (<50% 
host mortality) and an epizootic (Story County 1992) of Z. 
phytonomi were observed after peak H. postica larval populations 
occurred (Table 1, Figures 2 & 3). In Missouri, epizootics of Z. 
phytonomi occurred after peak larval populations and did not 
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prevent H. postica larvae from attaining damaging levels 
(Brandenburg 1985). In our study, only the Lucas County field (1990) 
harbored economically damaging densities of H. postica larvae. An 
outbreak of Z. phytonomi on H. postica larvae occurred too late in 
the spring to prevent damage by H. postica larval populations. 
Parasitism. The impact of B. curculionis, B. anuras, and 
unidentified parasitoids (larvae that did not spin cocoons) on H. 
postica larval populations varies by location in Iowa. Yearly 
parasitism of H. postica larvae at Story and Polk counties ranged 
from 2-6% (Table 2). Yearly parasitism at Marion and Lucas Counties 
was much higher, varying from 18-28% in 1991 and 1992 (Table 2). 
The unidentified parasitoids (PA?) were similar in appearance and 
size to emerging B. curculionis and B. anuras larvae. It is possible 
that these individuals were infected by a newly discovered wide¬ 
spread microsporidian pathogen of H. postica in the Midwestern 
United States (J. Maddox, Illinois Natural History Survey, personal 
communication). 
Pathogen-Parasitoid Interactions. Parasitism generally 
increased in the early spring until outbreaks of Z. phytonomi 
occurred, after which parasitism dropped dramatically (Figure 3). 
At Marion County in 1992, when disease levels were very low (2%), 
parasitoids continued to attack H. postica larvae until harvest 
(Figure 3-F). 
The negative impact of Z phytonomi on larval parasitoids has 
been well documented in previous studies (Harcourt 1990; Los and 
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Allen 1983; Goh et al. 1989a). The impact of the disease is greater 
on B. curculionis than B. anuras(Harcourt 1990). B. curculionis 
must attack younger H. postica instars to avoid encapsulation; 
younger instars are exposed to Z. phytonomi for an extended time, 
and thus so are B. curculionis larvae (Harcourt 1990). Compared to 
B. curculionis, B. anuras is a more efficient forager, is more 
fecund, and lays eggs in later H. postica instars without becoming 
encapsulated (Puttier 1967; Dowell and Horn 1977; Harcourt 1990). 
Later instar H. postica have a greater probability of avoiding 
mycosis from Z. phytonomi, because they require less time to reach 
the adult stage than do early instars. Parasitization of late instar 
H. postica reduces the exposure time of larval parasitoids to Z. 
phytonomi (Harcourt 1990). Since the appearance of Z. phytonomi 
in Ontario, B. anuras has increased in abundance becoming the 
dominant larval parasitoid, whereas numbers of both B. curculionis 
and T. incertus have dropped dramatically (Harcourt 1990). From 
1990-1992, the prevalence of B. curculionis steadily declined in 
Marion and Lucas counties (Iowa), whereas B. anuras numbers, and 
percentage parasitism have increased. (Table 2; Figure 5). The 
change in densities of B. curculionis and B. anuras occurred during 
and after epizootics of Z. phytonomi in 1991. 
The epizootic nature of Z. phytonomi may cause disruptions in 
the alfalfa weevil/ parasitoid ecosystem similar to that of an 
insecticide (Los & Allen 1983). Epizootics of Z phytonomi caused 
crashes of H. postica larval populations in Ontario in the mid- 
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1970's; decimating populations of H. postica, and leaving low host 
numbers available for parasitoids (Harcourt et al. 1984). During the 
early-1980's, populations of H. postica in Ontario stabilized below 
economically damaging levels because of the increase in abundance 
of B. anuras and parasitism by the adult parasitoids M. 
aethiopoides and M. colesi. Then in 1985, populations of H. 
postica reached epidemic levels (5.9 larvae per stem) in Ontario 
after two successive years of dry weather (less than 0.8 mm 
rainfall per day) (Harcourt & Guppy 1991). This outbreak lasted for 
two years until epizootics of Z. phytonomi reduced H. postica 
populations below economic levels. 
A similar cycle of events may be occurring in Iowa. H. postica 
densities increased to economically damaging levels in 1989 and 
1990 in southern Iowa, after two years of below average rainfall 
(Iowa Climate Review 1988, 1989). Reductions of H. postica 
populations levels were observed following epizootics of Z. 
phytonomi in southern Iowa in 1990 and 1991. Rainfall levels in 
1992 were below average in Iowa, and mortality by Z. phytonomi 
was also down. An outbreak may thus occur in 1993, depending upon 
many factors including adult overwintering survival, and rainfall 
abundance during the spring of 1993. 
The parastization rates of adult H. postica by M. aeithiopoides 
and M. colesi were not incorporated into this study. These 
braconids have been shown to be effective in maintaining H. postica 
populations below economically damaging levels in Ontario. Both 
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adult parasitoids occur in Iowa (Burger & Bryan 1991; K. L. G. 
unpublished data), but only one study in central Iowa has examined 
their impact on weevil populations (Mertins 1984). 
Integrating the role of H. postica natural enemies into pest 
management systems requires a complete analysis on how these 
natural enemies interact (Los & Allen 1983). Epizootics of Z. 
phytonomi may disrupt the stability of the H. postica-parasitoid 
ecosystem and result in sporadic pest outbreaks. Conversely, dry 
weather may be the disruptive force in a stable H. postica-pathogen 
system. In Iowa, epizootics of Z. phytonomi occur during periods of 
low rainfall on declining H. postica larval populations. Epizootics 
occurring on declining larval populations are less likely to affect 
larval parasitoids that are active earlier in the spring. When 
rainfall is well above normal, as it was in 1991, epizootics of Z. 
phytonomi may occur during peak larval numbers and reduce 
survival rates for parasitoids. A reduction in parasitoid numbers (by 
Z. phytonomi or insecticides) tends to destablize the H. postica- 
natural enemy complex, leading to sporadic outbreaks of the weevil 
(Harcourt & Guppy 1991). An understanding of the environmental 
parameters necessary for epizootics of Z. phytonomi, and the 
interaction of these epizootics with parasitoids of H. postica is 
important for the development of predictable pest management 
strategies.. 
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Table 2. Yearly totals and percentages of mortality from 
naturally occurring biological control agents of Hypera 
postica larvae at four locations in Iowa, 1990-1992 
Location H. postica3 B.a.b 
1990 
B.c.c PA?d % PAe Z.p. f 
Marion Co. 457 1 2 63 1 7 20.1 68 (1 4.9) 
Lucas Co. 582 1 4 24 1 2 8.6 71 (12.2) 
Location H. postica B.a. 
1991 
B.c. PA? % PA Z.p. 
Story Co. 275 4 1 1 2 6.2 131 (47.6) 
Polk Co. 221 5 4 0 4.1 135 (61.1) 
Marion Co. 319 34 1 8 6 1 8.2 1 56 (48.9) 
Lucas Co. 407 64 1 2 6 20.1 60 (1 4.7) 
Location H. postica B.a. 
1992 
B.c. PA? % PA Z.p. 
Story Co. 364 2 5 1 2.2 1 1 7 (32.1) 
Polk Co. 501 5 6 2 2.6 57(11.4) 
Marion Co. 251 31 1 0 4 1 7.9 2 (0.8) 
Lucas Co. 272 60 3 1 2 27.6 23 (8.5) 
a
, H. postica is the number of H. postica larvae reared each year 
from each sampling site. 
b
, B.a. is the number of B. anuras reared. 
c
, B.c. is the number of B. curculionis reared. 
d, PA? is the number of parastoid larvae that did not spin species 
distinct cocoon. 
e
, %PA is the seasonal percentage parasitism (B.c.. B.a.. and PA?). 
f
, Z.p. is the number and percentage (%) of H. postica larvae 
infected with Z. phytonomi. 
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Figure 2. The estimated number of H. postica larvae (DeGooyer 
1993), diseased larvae (Z phytonomi), and parasitized 
larvae (B. curculionis and B. anuras combined)/ 0.09 m2. 
The number of diseased and parasitized H. postica larvae 
(±SE) per 0.09 m2 were estimated by multiplying the 
percentage mortality for each sampling date by H. postica 
larval density estimates. Degree days above 48°F 
accumulated from January 1. Mean (±SE) number of stems/ 
0.09 m2 is on to of each graph. (A) Marion County 1990 
Figure 2. (Continued); (B) Lucas County 1990 
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81.6 ± 5.3 stems / 0.09 m sq. 
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Figure 3. The estimated number of H. postica larvae (+SE) (DeGooyer 
1993), diseased larvae (Z. phytonomi), and parasitized 
larvae (B. curculionis and B. anuras combined)/ 0.09 m^. 
The number of diseased and parasitized H. postica larvae 
(±SE) per 0.09 were estimated by multiplying the 
percentage mortality for each sampling date by H. postica 
larval density estimates. Degree days above 48°F 
accumulated from January 1. Mean (±SE) number of stems/ 
0.09 m^ is on to of each graph. (A) Story County 1991 
Figure 3. (Continued); (B) Story County 1992 
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Figure 3. (Continued); (C) Polk County 1991 
Figure 3. (Continued); (D) Polk County 1992 
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Figure 3. (Continued); (E) Marion County 1991 
Figure 3. (Continued); (F) Marion County 1992 
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Figure 3. (Continued); (G) Lucas County 1991 
Figure 3. (Continued); (H) Lucas County 1992 
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Figure 4. Cumulative rainfall totals and frequency of measurable rain. 
Numbers on top of columns are the number of rain days for 
each week. Degree Days (DD, base 48°F accumulated from 
January 1) are the first incidence of Z. phytonomi 
infection. (A) Story County 1991, 1992 
Figure 4. (Continued); (B) Polk County 1991, 1992 
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Figure 4. (Continued); (C) Marion County 1990, 1991, 1992 
Figure 4. (Continued); (D) Lucas County 1990, 1991, 1992 
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Figure 5. Mean seasonal incidence of B. curculionis, B. anuras, 
and Z. phytonomi on H. postica larvae at Marion and 
Lucas counties, 1990-1992 (From Table 2) 
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PAPER II 
INCIDENCE AND SPATIAL RELATIONSHIPS OF HYPERA 
POSTICA (GYLLENHAL) (COLEOPTERA: CURCULIONIDAE) 
PREDATORS IN ALFALFA 
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ABSTRACT 
Adult Coleomegilla maculata (Timberlake) (Coleoptera: 
Coccinellidae) was the most abundant predator found in alfalfa from 
16 April to 7 June at four locations in Iowa prior to first harvest 
based upon weekly sweep samples (1991-1992). Adult C. maculata 
numbers peaked in 1992 at more than one per sweep in Polk County 
(15 May). C. maculata adults are highly correlated to varying 
spatial densities of Hypera postica (Gyllenhal) (Coleoptera: 
Curculionidae) larvae and pea aphids Acyrthosiphon pisum (Harris). 
Aggregation rates, estimated by the regression slope, for C. 
maculata to H. postica larval densities were not significantly 
different in 1991 and 1992. The ability of adult C. maculata to 
aggregate to high H. postica larval densities allow it to remain in 
alfalfa fields when A. pisum populations are low. This behavior 
may lead to increased predator survival in alfalfa, which may 
explain why C. maculata is such an abundant coccinellid in Iowa 
agroecosystems. 
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INTRODUCTION 
Spatial effects have long been incorporated into ecological 
models of population dynamics for pests and their natural enemies 
(Nicholson & Bailey 1935; Hassell & May 1974; Kareiva & Odell 1987; 
Walde & Murdoch 1988). Spatial density dependence in biological 
control has been widely supported as a mechanism by which insect 
pests are suppressed by their natural enemies (Readshaw 1973, 
Walde & Murdoch 1988; Hassell & May 1974; Hassell & Waage 1984). 
Predators are believed to numerically respond to high prey densities 
and stabilize pest populations (Nachman 1981, Karieva 1990). 
However, recent studies have considered density dependent stability 
resulting from a numerical response as a relatively infrequent event 
in biological control systems and not required for pest suppression 
(Murdoch et al. 1985; Reeve & Murdoch 1985; Walde & Murdoch 1988; 
Morrison & Strong 1980; Lessels 1985; Stiling 1987). Successful 
pest suppression in density independent systems has been 
hypothesized to occur under unstable conditions where local 
extinctions and recolonization are the proposed mechanisms for 
effective control (Murdoch et al. 1985; Reeve & Murdoch 1985). The 
stabilizing feature of density dependence occurs about as often as 
inverse density dependence in successful biological control systems. 
Density dependence can be considered desirable or undesirable for 
pest stability, depending on the system (Waage 1990). 
Predators numerically respond to prey densities by increasing 
their total numbers in response to increases in prey densities 
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(Crawley 1975). Predators demonstrate a numerical response in two 
functionally distinct ways. As a function of the number of prey 
eaten, predators may reproductively respond to prey densities 
(Readshaw 1973). An increasing number of offspring are produced in 
areas of abundant prey. Predators also exhibit an aggregative 
response by congregating in areas of high prey density and 
dispersing from areas of low prey density (Readshaw 1973). 
Aggregative response is a function of behavioral changes after a 
predator encounters an acceptable prey (Hodek 1973; Hassell & May 
1974; Karieva & Odell 1987). When a predator encounters a prey, it 
tends to restrict its area of search by increasing its turning rates 
which leads to increased time in that area (Readshaw 1973; Hassell 
& May 1974). The combination of all individual predators changing 
their searching behavior results in large scale aggregations of 
predator populations in areas of high prey density (Karieva 1990; 
Karieva & Odell 1987; Walde & Murdoch 1988). 
Pests are often patchily distributed (spatial heterogeneity) and 
exhibit proportionate density increases within these patches 
(Karieva 1990). Successful biological control would require that a 
natural enemy be able to eliminate or contain pests within patches 
when they are at low densities. Aggregation of a predator in an area 
of high prey density results in increased mating and a subsequent 
reproductive response if the prey is suitable for development 
(Taylor 1984; Hodek 1973). The aggregative response of a predator 
is dependent upon both searching speed and sensitivity of its 
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searching behavior (Karieva 1990). Several studies have examined 
the aggregative and reproductive responses of arthropod predators 
and parasitoids on various spatial scales (Hirose et al. 1990; Karieva 
& Odell 1987; Sakuratani et al. 1983; Wright & Laing 1980). Hirose 
et al. (1990) demonstrated that the parasitoid Anicetus beneficus 
Timberlake aggregated to higher densities of red wax scales on 
citrus trees, but observed parasitism was density independent. The 
predator Stethorus punctum (LeConte) is able to find high densities 
of European red mites (Panonychus ulmi (Koch)) on orchard apple 
trees, reproduce, and increase in total numbers (Hull et al. 1985). 
Adult Coccinella septempunctata (L.) aggregate to higher densities 
of aphids on clumps of corn plants where foraging is sustained, and 
mating and oviposition occur (Sakuratani et al. 1983). Adult C. 
maculata were highly correlated to aphid densities on corn plants 
(Wright & Laing 1990). However, Karieva (1987) demonstrated that 
C. septempunctata were unable to aggregate and suppress aphid 
populations on goldenrod in a fragmented habitat. The rate at which 
a predator aggregates, or finds pest populations is as important to 
pest suppression as the subsequent reproductive response and 
underlying control mechanism (density independence, density 
dependence, or inverse density dependence). 
The predator complex attacking the alfalfa weevil H. postica has 
been relatively little studied. Experiments have focused on the 
occurrence and preference of selected predators (Barney & 
Armbrust 1981; Ouayogode & Davis 1981). Evans and Youssef (1992) 
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examined the relationship of various predator categories to A. 
pisum and H. postica populations in Utah. This study examined the 
temporal patterns and spatial coincidence (within alfalfa fields) of 
predator and prey categories during five sampling periods throughout 
the growing season (9 May to 6 September). Spatially, A. pisum and 
H. postica larvae were not significantly correlated for the five 
sampling periods. Significant correlations occurred between 
coccinellids and A. pisum in May and early June and between nabids 
and H. postica larvae in May. 
In Iowa, H. postica is mainly a pest of first harvest alfalfa in the 
spring, with defoliation occurring on the regrowth when populations 
persist (Buntin & Pedigo 1986). Because separate geographic 
regions of the United States have different coccinellid predator 
complexes (Gordon 1985), it is necessary to examine the regional 
species composition of predators in relation to H. postica 
populations. The abundance and identity of predators associated 
with spring populations of H. postica larvae has not been studied in 
Iowa. The objectives of this study were to (1) examine the species 
composition and spring occurrence of known predators of H. postica 
in Iowa, and (2) determine if species of predators aggregate to high 
densities of H. postica larvae in individual alfalfa fields. 
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MATERIALS AND METHODS 
In 1991 and 1992, alfalfa (Medicago sativa L.) fields at four 
locations in Iowa (Story, Polk, Marion, and Lucas counties) were 
sampled by sweepnet from 16 April to 7 June (3 to 9 sampling dates) 
for the presence and abundance of predators of H. postica and A. 
pisum in the alfalfa canopy. Alfalfa fields were separated by 
approximately 40 km along a north-south transect. In each field, a 
49 x 49 m area was sampled along four parallel transects for 
predators and prey. Four 100 sweep sampling units were taken along 
each transect using standard canvas sweeping nets (38 cm in 
diameter). Because of rainy weather, only four 200 sweep sampling 
units were taken in Lucas County in 1991 on each of three dates in 
the spring. Each unit was emptied into a plastic bag, transported to 
the laboratory, frozen, and sorted. 
To determine the aggregative response of predators to varying 
prey densities, the total numbers per 100 sweeps were calculated 
for the following prey and predator categories. Prey categories 
consisted of H. postica larvae and A. pisum, two highly abundant 
phytophagous insect species found on alfalfa in Iowa. Totals per 
100 sweeps were recorded for each species as separate prey 
categories. Predator categories included representatives from the 
Coleoptera (Coccinellidae) and Hemiptera (Nabidae and 
Pentatomidae) that are commonly observed feeding on H. postica 
and A. pisum. C. maculata (adults) was recorded as a separate 
predator category because of its abundance in Iowa and (Smith 1960, 
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1965). All other adult coccinellids were included into a single 
predator category. Hippodamia convergens (Guerin), Hippodamia 
tredecimpunctata (Say), and Coccinella septempunctata (L.), 
Cycloneda munda (Say), H. parenthesis (Say), and Adalia 
bipunctata (Mulsant) were included into this category. 
Representatives of the family Nabidae were not identified to species 
but were included with Podisis maculiventrus (Say) (Pentatomidae) 
adults in the hemipteran category. 
To access early season reproduction of predators found in alfalfa, 
Coccinellidae and Chrysopidae larvae were combined into a separate 
predator category. These immatures were not identified to species. 
Totals per 100 sweeps at each location for each prey and predator 
category were transformed to natural logarithms (In (x+1)) to 
normalize data. Aggregative response of predators (except larval 
predators) to varying prey densities, was analyzed by linear 
regression for all predator versus prey categories, except immature 
predators, using Statworks™ (1985). To examine if A. pisum and H. 
postica larval densities were correlated, totals per 100 sweeps 
were analyzed by linear regression. The calculated slope from 
individual linear regressions was the measure of aggregative 
response (aggregation rate) by predators. It is a measure of the 
proportional influx of predators to varying prey densities. 
Transformed totals for each sweep sampling unit served as data 
points for each location. To examine whether aggregative responses 
were different between years for significantly correlated (P < 0.1) 
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predator versus prey categories, slopes from each location for each 
year were compared using a two tailed f-test. Slopes from prey 
verses prey regressions were also compared between years by a two 
tailed f-test 
The spatial scales in this study are individual alfalfa fields 
which were monitored throughout first harvest, and analyzed as one 
time period. 
In 1992, 14 x 23 cm yellow sticky traps (Pherocon® AM unbaited 
traps (Tre'ce’ Inc. Salinas, CA) were used at each location to monitor 
early spring (4 April to 19 May) immigration of adult coccinellids 
into Iowa alfalfa fields. Ten to seventeen traps were attached to 
wooden stakes along field margins at alternating heights of 1.0 and 
0.5 meters. Adult coccinellids were identified to species and 
counted on on each trap every six to 14 days. Traps were changed 
once at each location on 30 April. 
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RESULTS 
Populations of H. postica larvae and A. pisum generally 
increased each spring at each location (Figure 1 (A-H)). In 1991 and 
1992, larval populations of H. postica increased during mid-May, 
becoming the most abundant insect species in alfalfa. Total prey 
populations in 1992, compared to 1991, were from 3 to 7 times 
higher for H. postica larvae, and from 3 to 5 times higher for A. 
pisum. 
The most abundant predatory species collected was C. maculata 
which peaked at 104 adults per 100 sweeps in Polk County (15 May, 
1992). Adult C. maculata outnumbered all other coccinellid 
predators combined in 1991 (95% of all adult coccinellids collected) 
and 1992 (80%). Other coccinellid adults were rarely found in 1991, 
peaking at less than 2 adults per 100 sweeps for all species 
combined. In 1992, H. convergens numbers peaked at 1 adult per 6 
sweeps (Lucas County, 5 May). C. septempunctata numbers peaked 
at 1 adult per 15 sweeps (Story County, 19 May), while H. 
tredecimpunctata peaked at 1 adult per 19 sweeps (Story County, 
19 May). 
Totals for hemipteran predators were similar in 1991 and 1992. 
Hemipteran densities in sweep samples were low (relative to prey 
densities) each spring, with a peak of 1 individual per 9 sweeps 
(Story County 1992). In 1992, larval coccinellids and chrysopids 
peaked at 1 individual per 3 sweeps in the late spring as a result of 
increased prey densities and temperatures. 
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Spring populations of H. postica larvae and A. pisum were highly 
correlated (P 0.1) at each location in 1991 and 1992 (Table 1). 
Adult C. maculata were highly correlated with both H. postica 
larvae and A. pisum at each location in 1991 and 1992 (Table 1; 
Figure 2 (A-O)). C. maculata adults were often present in early 
season sweep samples when only A. pisum occurred (Figure 1). 
The combination of all other coccinellid predators combined were 
highly correlated (P 0.1) with both H. postica larvae and A. pisum 
in 1992. In 1991, however, strong correlations between these 
coccinellids and both prey species occurred only in Story County 
(Table 1). Both years hemipteran predators were highly correlated 
to each prey species in Story and Polk Counties each spring (Table 
1). 
At each location, aggregation rates of C. maculata to H. postica 
larvae were similar (0.2 < P < 0.73) in 1991 and 1992 (Table 2). 
Aggregation rates of C. maculata to A. pisum were not different in 
1991 and 1992 in Lucas and Marion counties (0.4 < P < 0.6). In Story 
and Polk counties, however, aggregation rates of C. maculata to A. 
pisum were much lower in 1992 when prey populations were higher. 
A significant correlation between other adult coccinellids and each 
prey species was observed in Story County for both 1991 and 1992 
(Table 1). Rates of aggregation for these coccinellids, as measured 
by increasing slopes, increased in Story County in 1992 when prey 
densities increased (Table 2). 
For hemipteran predators, a significant correlation between 
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predator numbers and each prey species was observed in Story and 
Polk Counties in 1991 and 1992 (Table 1). Hemipteran predators 
exhibited similar aggregation rates to prey densities in Polk County 
from 1991 to 1992. However, differences were observed in Story 
County where aggregation rates decreased in 1992 (Table 2). 
H. convergens adults were the most abundant coccinellid species 
caught on sticky traps at field margins at each location in 1992 
(Table 3). C. maculata was second in total numbers followed by C. 
septempunctata, H. tredecimpunctata, and H. parenthesis. 
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DISCUSSION 
Adult C. maculata are highly correlated to both H. postica larvae 
and A. pisum in the alfalfa canopy which indicates an aggregative 
response to spatial variation in the densities of both prey species 
(Table 1). Aggregative behavior by C. maculata adults to corn leaf 
aphid (Rhopalosiphum maidis Fitch) densities was observed on corn 
(Wright and Laing 1980). C. maculata adults tended to remain in 
corn and feed on pollen even when aphids were at low densities. 
High densities of C. maculata adults in 1991 when prey densities 
were relatively low suggest similar behavior in alfalfa. 
The sticky traps placed along field margins in 1992 suggest very 
little movement at the field margins for C. maculata relative to 
densities of C. maculata found in the field (Table 3). H. convergers 
was the most abundant coccinellid found on sticky traps, however, 
only one H. convergers adult was found in sweep samples for every 
seven C. maculata adults. C. septempunctata was also relatively 
abundant on sticky traps but occurred at only one adult for every 
eighteen C. maculata adults found in sweep samples. This suggests 
that H. convergers and C. septempunctata may be entering and 
leaving alfalfa fields at higher rates than C. maculata adults. 
Ewert and Chiang (1966) observed that C. maculata was less mobile 
in corn compared to other coccinellid species, and was more likely 
to remain when prey (corn leaf aphids) densities were low. This 
lack of mobility appears to occur in alfalfa as well and probably 
explains why C. maculata comprised 95% of the coccinellid species 
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found in alfalfa in 1991, a year when A. pisum densities were low. 
The coccinellid predator category comprised of H. convergens, C. 
septempunctata, H. tredecimpunctata, H. parenthesis, C. munda, 
and A bipunctata appeared to aggregate to high densities of each 
prey in 1992 (Table 1). However, in 1991 numbers of these species 
were extremely low; a significant correlation was observed in only 
Story County between these predators and both prey. Apparently 
these coccinellids did not remain in alfalfa fields when prey 
densities were low (1991). 
Hemipteran predators occurred at low densities and were highly 
correlated to prey densities in both Story and Polk counties in 1991 
and 1992. Evans and Youssef (1992) suggest that these predators 
are less sensitive to varying aphid densities than are coccinellids 
because they tend to be more generalist in their prey selection. 
Hemipterans generally outnumbered coccinellids other than C. 
maculata in 1991 when A. pisum densities were low, but were 
surpassed in total numbers in 1992 when populations of aphids were 
much higher. 
There were no differences in aggregation rates of C. maculata to 
H. postica larvae from 1991 to 1992 for each location (Table 2). 
However, a decreased rate of aggregation by C. maculata to A. 
pisum densities was observed in Story and Polk Counties from 1991 
to 1992. The mechanism for a constant rate of aggregation to H. 
postica larval populations is unclear in light of previous research. 
Yadava and Shaw (1968) demonstrated that C. maculata adults 
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prefer A. pisum to H. postica larvae. Also, C. maculata females do 
not produce eggs when fed a diet of H. postica larvae but survive at 
similar rates to adults supplied with A. pisum (K. L. G., unpublished 
data). C. maculata adults are thus able to persist on H. postica 
larvae but are not able to reproduce and numerically respond to 
larval population. The decrease in aggregation rates of C. maculata 
to A. pisum in 1992 may be the result of the higher densities of H. 
postica larvae observed. The main factor determining the frequency 
of a prey species in a predator’s diet may be the frequency of that 
prey in the environment (Price 1984). C. maculata adults feed on 
H. postica larvae (Yadava and Shaw 1968; K. L. G. unpublished data) 
and may have simply encountered more larvae in 1992 which 
resulted in less movement to areas of high A. pisum densities. 
The remaining coccinellids are less polyphagous than C. 
maculata and tend to be aphidophagous in their prey selection 
(Hodek 1973). Thus the significant aggregations of these 
coccinellids to higher prey densities observed in 1992 are most 
likely the result of increased densities of A. pisum. 
All Iowa coccinellid species that were collected in this study 
except H. parenthesis, C. munda, and A. bipunctata were observed 
feeding on H. postica larvae in Iowa alfalfa fields (K. L. G. 
unpublished data). The impact that predator feeding has on H. 
postica larval populations was not measured in this study. 
However, life table analysis of H. postica for the same four 
locations showed approximately 30% unexplained mortality 
85 
occurring between larval stages in 1991 (DeGooyer 1993). This 
mortality can be apportioned into developmental mortality and 
predation. 
Because of the high correlations between prey (Table 1) it is 
difficult to determine whether C. maculata adults aggregate to H. 
postica populations or to A. pisum populations. Aggregation most 
likely occurs to both prey species, with rate differences 
attributable to prey density differences. It is important to note, 
however, that C. maculata adults do show a consistant pattern of 
aggregation to H. postica larval densities (which are highly 
aggregated (Miller et al. 1972)) in Iowa alfalfa fields even when A. 
pisum densities were low. 
The abundance of C. maculata in Iowa agroecosystems may be 
attributable to its aggregative behavior to densities of H. postica 
larvae and A. pisum in alfalfa. Because C. maculata tends to 
remain in alfalfa fields at low prey densities it may be a more 
effective forager or less preferential, compared to other predators, 
when seeking prey in alfalfa. Karieva (1990) suggests that rates of 
aggregation are enhanced when a predator moves at a high velocity 
with little turning in the presence of low prey densities. C. 
maculata adults are normally very active and this may result in a 
better aggregative response compared to less active predators. 
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Table 3. Adult coccinellid cumulative totals on yellow sticky 
traps at four Iowa locations, 1992 
Lucas Co. (10 traps) 
Date C. mac H. con C. sept H. par H. tredec 
9 April 0 0 0 0 0 
16 " 0 1 1 0 0 
24 " 0 1 1 0 0 
30 " 0 1 5 1 1 
8 May 1 9 11 1 1 
19 " 6 17 17 1 1 
Marion Co. (16 traos) 
Date C. mac H. con C. sept H. par H. tredec 
9 April 0 0 0 1 0 
16 " 0 1 0 1 0 
24 " 1 1 0 1 0 
30 " 11 1 0 1 0 
8 May 15 9 1 1 6 
19 " 26 27 5 1 6 
Polk Co. (10 traps) 
Date C. mac H. con C. sept H. par H. tredec 
9 April 0 0 1 0 0 
16 " 0 0 1 0 0 
24 " 0 0 1 0 0 
30 " 1 0 4 0 
8 May 3 23 8 0 n 
19 " 20 31 12 0 11 
Storv Co. 
Date 
(17 traps) 
C. mac H. con C. sept H. par H. tredec 
9 April 0 1 3 0 1 
16 " 0 1 3 0 6 
30 " 4 1 10 0 16 
8 May 13 21 11 1 25 
19 " 29 31 15 1 25 
C. mac (C. maculata), H. con (H. convergent), C. sept (C. septempunctata), H. par 
(H. parenthesis), H. tredec (H. tredecimpunctata). 
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Figure 2. Relationship between adult C. maculata densities and H. 
postica larval densities, and between adult C. maculata 
densities and A. pisum densities in alfalfa sweep 
samples at four location in Iowa, 1991, 1992. (A) C. 
maculata versus H. postica, Story County 1991 
Figure 2. (Continued); (B) C. maculata versus A. pisum, 
Story County 1991 
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Figure 2. (Continued); (C) C. maculata versus H. postica, 
Story County 1992 
Figure 2. (Continued); (D) C. maculata versus A. pisum, 
Story County 1992 
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Figure 2. (Continued); (E) C. maculata versus H. postica, 
Polk County 1991 
Figure 2. (Continued); (F) C. maculata versus A. pisum, 
Polk County 1991 
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Figure 2. (Continued); (G) C. maculata versus H. postica 
Polk County 1992 
Figure 2. (Continued); (H) C. maculata versus A. pisum, 
Polk County 1992 
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Figure 2. (Continued); (I) C. maculata versus H. postica, 
Marion County 1991 
Figure 2. (Continued); (J) C. maculata versus A. pisum, 
Marion County 1991 
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Figure 2. (Continued); (K) C. maculata versus H. postica 
Marion County 1992 
Figure 2. (Continued); (L) C. maculata versus A. pisum, 
Marion County 1992 
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Figure 2. (Continued); (M) C. maculata versus H. postica 
Lucas County 1991 
Figure 2. (Continued); (N) C. maculata versus A. pisum, 
Lucas County 1991 
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Figure 2. (Continued); (O) C. maculata versus H. postica, 
Lucas County 1992 
Figure 2. (Continued); (P) C. maculata versus A. pisum, 
Lucas County 1992 
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PAPER III 
SUITABILITY OF HYPERA POSTICA (COLEOPTERA: 
CURCULIONIDAE) LARVAE FOR THE DEVELOPMENT, 
REPRODUCTION, AND SURVIVAL OF COLEOMEGILLA 
MACULATA, HIPPODAMIA CONVERGENS, AND COCCINELLA 
SEPTEMPUNCTATA (COL: COCCINELLIDAE) 
120 
ABSTRACT 
First instar Coccinella septempunctata (L.), Hippodamia 
convergens (Guerin), and Coleomegilla maculata (Timberlake) did 
not complete development on Hypera postica (Gyllenhal) larvae at 
26°C (16:8 (L:D)). At 22°C all coccinellid larvae of each species 
reared on Acyrthosiphon pisum (Harris) completed development in 
22 to 23 days. At 22°C, 50% of C. maculata larvae developed to 
adults following a switch from A. pisum to H. postica larvae at the 
beginning of the third instar. No difference was observed in 
developmental times between C. maculata larvae reared solely on 
A. pisum and those switched to H. postica larvae at the beginning 
of the third instar. At 22°C female C. maculata did not lay viable 
eggs for 34 days when fed H. postica larvae. However, percentage 
survival of C. maculata adults fed H. postica during this 34 day 
period was similar to those fed A. pisum. These studies indicate 
that C. maculata larvae and adults are able to utilize H. postica 
larvae as a food source. 
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INTRODUCTION 
Interpreting predator-prey relationships in the field requires an 
understanding of prey acceptance and suitability (Hagen et al. 1976). 
Observations of a predator feeding on a prey species are insufficient 
to determine if the prey is preferred or a suitable source of 
nutrients for growth, development, and reproduction (Hodek 1973, 
Hagen 1987). The survival and development of an insect predator can 
be significantly affected by the prey species consumed (Blackman 
1967; Hydorn & Whitcomb 1979; Obrycki & Orr 1990; Obrycki et al. 
1989). Also, mating behavior and thus reproductive potential of a 
predator may be influenced by prey nutritional qualities (Tauber & 
Tauber 1973). 
For coccinellid predators, Hodek (1973) defined accepted foods or 
prey as either essential or alternative. Essential foods or prey are 
those suitable for larval development and adult oviposition, whereas 
alternative foods or prey are those that serve only to prolong 
survival. Prey suitability differences may be associated with prey 
nutrient composition or sequestered secondary plant metabolites 
(Hagen 1987). Consumption of a non-suitable prey species may be at 
slower rates which delay or inhibit development or fecundity (Hagen 
1987). The consumption of aphid species with higher fat, sugar, and 
free amino acid content is more suitable for the development of the 
coccinellid Propylaea joponica (Hukusima & Komada 1972). It has 
been demonstrated that development of the coccinellid Hippodamia 
(Adonia) variegata can be altered by the source of plant from 
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which its prey Aphis nerii feeds upon (Pasteels 1978). Predators 
that feed on a variety of prey are often able to detoxify sequestered 
plant chemicals in their prey (Hagen 1987). 
Biological control of the alfalfa weevil, H. postica, has focused 
primarily on parasitoids and pathogens (Dysart & Day 1976; Day 
1981; Harcourt et. al. 1974; Harcourt et al. 1977; Harcourt et al. 
1990). However, predation of H. postica adults and larvae by 
arachnid and insect predators has been documented (Barney & Pass 
1986; Howell & Pienkowski 1971; Hussain 1974; Ouayogode & Davis 
1981; Yadava & Shaw 1968). Ground beetles (Carabidae) were 
observed feeding on larval and adult H. postica under simulated 
field conditions in a terrarium (Barney & Pass 1986). In a laboratory 
study, Collops bipunctatus (Say) (Coleoptera: Melyridae) preferred 
H. postica larvae to A. pisum (Hussain 1974). H. convergens and 
Coccinella transversoguttata (Faldermann) (Coleoptera: 
Coccinellidae) preferred A. pisum to H. postica larvae, but fed on 
H. postica if starved (Yadava & Shaw 1968; Ouayogode & Davis 
1981). C. transversoguttata and H. convergens consumed more 
young instars (first and second) of H. postica than older instars 
(third and fourth) (Ouayogode & Davis 1981). These studies have 
focused on the consumption of H. postica without examining the 
effects of this prey on preimaginal development, survival, and 
reproduction of insect predators. 
The polyphagous coccinellid C. maculata is one of the most 
abundant ladybeetle species in Iowa (Gordon 1985; J.J.O. unpublished 
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data). C. maculata larvae and adults will feed on H. postica larvae, 
but prefer A. pisum (Yadava & Shaw 1968). C. maculata develops 
from egg to adult on A. pisum (Harris), dried aphid powder, pollen, 
and artificial media (Smith 1960, 1965; Hagen 1987). Eggs of the 
European corn borer, Ostrinia nubilalis (Hubner) (Lepidoptera: 
Pyralidae), are suitable for development of C. maculata from egg to 
adult (Andow 1990). 
The suitability of H. postica for coccinellid development, 
reproduction, and survival has not been thoroughly examined. The 
objectives of this study were to examine the suitability of H. 
postica larvae for the development and survival of larval C. 
septempunctata L., H. convergens, and C. maculata. Additionally, 
egg production and adult survival on H. postica larvae were 
determined for C. maculata. 
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MATERIALS AND METHODS 
Larval Development and Survival. Adult C. septempunctata, 
H. convergens, and C. maculata were collected from Story County, 
Iowa, alfalfa (Medicago sativa L.) fields in 1990 and 1991. Pairs 
were supplied daily with A. pisum, Wheast® (Qualcepts Nutrients, 
Minneapolis)-honey mixture, and water at 26°C and a photoperiod of 
16:8 (L:D). 
A. pisum were reared on broad beans (cultivar 'Windsor') (Vicia 
faba L.). H. postica larvae were reared from field collected adult 
weevils following published rearing procedures (Byrne 1965; Koehler 
& Gyrisco 1961; LeCato & Pienkowski 1970, 1972). Adult and larval 
H. postica populations were maintained on greenhouse grown alfalfa 
(cultivar 'Vernal') at fluctuating temperatures (25°C day, 14°C 
night) corresponding to a photoperiod of 9:15 (L:D). 
Coccinellid larvae from one to three female sources were used in 
each diet treatment. Nine newly hatched C. septempunctata and H. 
convergens larvae were reared on first through third instar H. 
postica. These larvae were maintained individually in glass vials 
stopped with a cotton plug at 26°C (16:8 (L:D)) and fed daily. 
Seventeen newly hatched C. maculata larvae were reared on first 
through third instar H. postica at 22°C (16:8 (L:D)). The number of 
coccinellid larvae reared in this suitability experiment was limited 
by the availability of H. postica larvae. 
A second study examined if late-stage coccinellid larvae could 
develop on H. postica. Twenty two C. septempunctata, nine H. 
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convergens, and six C. maculata larvae were fed A. pisum during 
the first and second stadia and then switched to H. postica larvae 
on the day of molting to the third instar. These larvae were reared 
at 22°C (16:8 (L:D)). Control groups of twenty four C. 
septempunctata, nine H. convergens, and six C. maculata larvae 
were individually reared on A. pisum at 22°C (16:8 (L:D)). 
Preimaginal developmental times and survival at each instar 
were recorded for individual coccinellid larvae reared on each diet. 
A two tailed /-test was used to examine differences (within 
species) in developmental times for surviving coccinellid adults. 
Egg Production and Adult Survival. Pairs of field collected 
C. maculata adults were maintained on aphids (A. pisum and 
Myzus persicae Sulzer), Wheast®, and water at 24°C (16:8 (L:D)). 
M. persicae were reared on Chinese cabbage (Brassica campestris 
L.) in greenhouse cages. Eggs were collected daily: 126 newly 
hatched C. maculata larvae were individually reared to adults on A. 
pisum at 24°C (16:8 (L:D)). Newly emerged F1 adults were 
maintained individually in glass vials with water and fed for seven 
days either H. postica larvae (field collected first through fourth 
instars), or laboratory reared A. pisum. After seven days pairs 
were set up in half pint cartons with water and maintained on either 
H. postica larvae or A. pisum at 23 ± 1.4°C (16:8 (L:D)). Twenty 
seven pairs (3 replications of 9) were maintained on H. postica 
larvae, and thirty six pairs (3 replications of 12) were maintained 
on A. pisum. Because 57% of F1 adults were females, 16 field 
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collected C. maculata males were distributed equally between diet 
treatments and used in mating pairs. 
Eggs were collected daily for 34 days from each pair and held at 
23 ± 1.4°C (16:8 (L:D)) to determine viability. Adults were 
monitored for 34 days for mortality on diets of either H. postica 
larvae or A. pisum. Adult survival on diets was analyzed by 
calculating chi square and P values (PROBCHI) (SAS Institute 1985, 
pg. 261). 
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RESULTS 
Larval Development and Survival. First instar C. 
septempunctata and H. convergens did not survive to the second 
instar on H. postica larvae (Table 1). First instar C. 
septempunctata and H. convergens fed H. postica larvae remained 
alive for 4.2 ± 1.2 days, and 3.4 ± 0.5 days, respectively. Twenty 
nine percent (5 of 17) of C. maculata first instars developed to the 
third instar and died (Table 1). All larvae of each coccinellid 
species reared on A. pisum completed development at 22°C 
(16:8(L:D)) (Table 1). 
All third instar C. septempunctata larvae died after a change in 
diet from A. pisum to H. postica larvae (Table 1). Third instar C. 
septempunctata that were fed H. postica larvae remained alive for 
an average of 7.1 ± 2.6 days but did not molt, whereas larvae reared 
on A. pisum molted to 4th instars after 2.5 ± 0.4 days. Decreasing 
survival for H. convergens was observed following a switch to H. 
postica larvae at the third instar (Table 1). Third instar H. 
convergens either died or molted after 7.2 ± 1.9 days following a 
switch to H. postica larvae, whereas third instar H. convergens 
reared on A. pisum molted to 4th instars after 3.0 ± 0.3 days. 
Surviving fourth instars did not pupate and died after an average of 
5.6 ± 1.2 days. 
Three of six third instar C. maculata developed to the fourth 
instar and successfully pupated into adults after being switched to a 
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diet of H. postica larvae (Table 1). Developmental times of these 
surviving C. maculata adults did not significantly differ from those 
reared continuously on A. pisum (t= 1.07, P > .3) (Table 1). 
Egg Production and Adult Survival. No difference was 
observed in adult survival of C. maculata when fed H. postica 
larvae or A. pisum (chi square = 0.672, P= 0.414) (Table 2). Adult 
survival on each diet was greater than 88% (Table 2). Adults 
remained active, feeding and mating throughout the experiment on 
each diet. 
C. maculata females did not lay viable eggs on a diet of H. 
postica larvae, however, two females did lay 20 and 44 non-viable 
eggs. The thirty four C. maculata females provided with A. pisum 
laid an average of 40 viable eggs. Thirty three percent of these 
females (11) produced an average of 7 viable eggs (SE = 2.4), 
whereas sixty seven percent (23) of the females produced an average 
of 56 viable eggs (SE = 6.7). 
Six of the mating pairs that were fed H. postica larvae were 
switched to A. pisum after 34 days for two additional days. One of 
the mating pairs produced 12 viable eggs the first day after the 
switch. No eggs were subsequently laid by the six mating pairs. 
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DISCUSSION 
H. postica larvae are readily consumed by C. septempunctata and 
H. convergens larvae but are not a suitable diet for larval 
development. First instar C. septempunctata and H. convergens 
survived from 3-6 days on H. postica larvae but did not molt to the 
second instar. According to Hodek (1973), H. postica larvae should 
be considered as alternative prey for C. septempunctata and H. 
convergens larvae. The inability to develop, however, limits the 
use of H. postica larvae as a potential food source for both C. 
septempunctata and H. convergens larvae. 
Decreasing survival for first instar C. maculata was observed on 
H. postica larvae with all larvae dying by the third instar. 
Following A. pisum consumption for two larval stages, third instar 
C. maculata utilized H. postica larvae as a food source for 
successful development. The ability of third instar C. maculata to 
develop on H. postica larvae may be important to its survival in 
alfalfa when aphids, their preferred prey (Yadava & Shaw, 1968), are 
at low densities. In Iowa A. pisum and H. postica larvae are 
probably the major prey source for C. maculata larvae in alfalfa 
during the spring. 
C. septempunctata, H. convergens, and C. maculata adults have 
been observed feeding on both A. pisum and H. postica larvae in 
Iowa alfalfa fields (K. L. G., unpublished data). However, the level at 
which H. postica larvae are consumed by coccinellids remains to be 
quantified. C. septempunctata and H. convergens adults were not 
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tested in this study for reproduction and survival on H. postica 
larvae because of their inability to complete development on H. 
postica. A two year field study has shown that C. maculata adults 
are extremely abundant and consistently highly correlated with H. 
postica larval numbers during the springs of 1991 and 1992 in Iowa 
alfalfa fields (K. L. G., unpublished data). 
In this study, female C. maculata did not produce viable eggs 
when fed H. postica larvae, but exhibited similar survival to adults 
provided with A. pisum. H. postica larvae probably serve as an 
alternative food source for C. maculata adults. Spring populations 
of H. postica larvae are generally higher than those of A. pisum in 
Iowa alfalfa fields (K. L. G. unpublished Data), and may be used as an 
alternative food source by C. maculata adults before aphid numbers 
reach sufficient densities for egg production. 
C. maculata adults remain in corn fields during low densities of 
aphids (Wright & Laing 1980) and appear to exhibit similar behavior 
in alfalfa. In corn, pollen is a major source of nutrition for C. 
maculata, however, corn leaf aphids are preyed upon when their 
densities are high. Some predators exhibit this type of "switching" 
behavior by feeding on the most abundant prey species available 
(Hagen et al. 1976). Other predators will feed on different prey in 
proportion to their relative densities in the field. To determine the 
potential impact of C. maculata on H. postica larval populations, 
the feeding behavior of this coccinellid in the field needs to be 
investigated. 
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Previous studies on coccinellid predation of H. postica have 
focused on prey preference rather than prey suitability (Hussain 
1974; Ouayogode & Davis 1981; Yadava & Shaw 1968). These studies 
were conducted in Utah where H. convergens is one of the most 
abundant coccinellid predators. Our study demonstrates that H. 
convergens larvae cannot utilize H. postica larvae as a food source 
for development. Thus, feeding on H. postica larvae does not 
support the reproductive response of H. convergens. If a prey 
species is unsuitable for the development of a predator, a numerical 
response to prey densities would not occur. 
Predators such as C. maculata that are able to utilize H. postica 
larvae as a developmental food source, would be able to numerically 
respond to populations of H. postica larvae during low densities of 
A. pisum. C. maculata may also feed on various pollen sources 
available in first harvest alfalfa, such as dandelion and other weed 
pollens. The polyphagous nature of C. maculata may explain why 
this coccinellid is so abundant in Iowa alfalfa fields during the 
spring. 
To confirm the findings of this single replication further 
replications are needed. Additional field studies are also needed to 
determine the number of H. postica larvae that are consumed in the 
field by C. maculata larvae and adults. Understanding the 
nutritional ecology of C. maculata in Iowa agroecosystems may lead 
to strategies of conservation and/ or augmentation designed to 
enhance the effect of this abundant natural enemy. 
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The use of ladybeetles in biological control programs requires a 
detailed analysis of their ecological requirements for development, 
reproduction, and survival. An understanding of these parameters 
may lead to more predictable and successful biological control 
programs. 
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Table 2. Survival of adult Coleomegilla maculata on H. 
postica larvae and A. pisum at 23 ± 1.4°C and a photoperiod of 16:8 
(L:D) 
Diet % Survival Davs chi-sauare P 
H. postica 88.9%(48/54) 34 0.672 0.414 
A. pisum 93.1%(67/72) 34 
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SUMMARY 
Regional alfalfa management programs have been developed 
because variation occurs in alfalfa weevil populations in different 
climatic regions (Steffey & Armbrust 1991). In Iowa, studies on the 
natural enemies of H. postica have focused on release and recovery, 
without documentating the role that natural enemies play in 
reducing pest populations. The objective of this thesis was to 
document the presence, seasonal development, and impact of 
beneficial species attacking H. postica in Iowa. 
This study revealed that the entomopathogenic fungus Z. 
phytonomi infected H. postica larvae in central and southcentral 
Iowa in 1990, 1991, and 1992. In May 1990 at Marion and Lucas 
Counties (Iowa), outbreaks of Z. phytonomi occurred in late May 
during declining populations of H. postica larvae. First incidence of 
disease in 1991 occurred between 300-364°F degree days (base 
48°F). In 1991, from 30 March to 28 May, epizootics of disease 
reduced larval populations from 14.7-61.1% at four locations in 
Iowa. High rainfall in 1991, which averaged between 3.6-7.0 mm per 
day, supported epizootics of Z. phytonomi on early spring alfalfa 
weevil populations. In 1992, when rainfall was below average, 
outbreaks of Z phytonomi occurred during declining populations of 
H. postica larvae. 
Parasitization rates of H. postica larvae by B. curculionis and 
B. anuras ranged from 2-28% in 1991 and 1992. Parasitization 
rates were higher at two Southern Iowa sites (Marion and Lucas 
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Counties) compared to two central Iowa counties (Story and Polk 
Counties). 
Parasitization rates by B. curculionis declined during epizootics 
of Z. phytonomi each year, suggesting a negative impact of Z. 
phytonomi on this hymenopterous larval parasitoid. B. anuras has 
become the more abundant larval parasitoid at two locations in 
Southern Iowa from 1990-1992 following epizootics of Z. 
phytonomi. 
In 1991 and 1992, adult C. maculata were the most abundant 
insect predators found in alfalfa prior to first cutting from 16 April 
to 7 June at four locations in Iowa. Adult C. maculata peaked on 15 
May in 1992 at 105 per 100 sweeps in Polk County. Sweep samples 
indicate that C. maculata adults are highly correlated to varying 
spatial densities of H. postica larvae and A. pisum. Rates of 
aggregation for C. maculata to H. postica larval densities did not 
significantly differ between 1991 and 1992. The ability of adult C. 
maculata to aggregate to patches of H. postica allow it to remain 
in alfalfa fields when A. pisum populations are low. 
A laboratory study showed that first instar C. septempunctata, 
H. convergens, and C. maculata did not complete development on H. 
postica larvae at 26°C (16:8 (L:D)). At 22°C all coccinellid larvae 
of each species reared on A. pisum completed development in 22 to 
23 days. At 22°C, C. maculata larvae developed to adults after a 
switch from A. pisum to H. postica larvae at the third instar. No 
difference was observed in developmental times between C. 
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maculata larvae reared solely on A. pisum and those switched to 
H. postica larvae at the third instar. 
At 22°C female C. maculata did not lay viable eggs for 34 days 
when fed H. postica larvae. However, percentage survival of C. 
maculata adults on H. postica during this 34 day period was 
similar to those fed A. pisum. These studies indicate that C. 
maculata larvae and adults are able to utilize H. postica larvae as 
a food source for partial larval development, and adult survival. 
These studies provide a basis for future research on the natural 
enemies of H. postica in Iowa. An analysis of the specific 
environmental parameters required for initiation and spread of Z. 
phytonomi in Iowa, would allow for integration of the pathogen into 
Iowa alfalfa management programs. The role of established adult 
parasitoids on H. postica populations also needs investigation. The 
adult parasitoids Microctonus aethiopoides and M. colesi have been 
recovered in Iowa, but the impact of these effective natural enemies 
has not been fully quantified. Overwintering weevil populations 
need to be examined to determine the impact of adult parasitism on 
subsequent spring populations. 
Further quantitative studies on the impact that predators have on 
H. postica populations would reveal specific consumption rates of 
insect predators. This information may be useful for the 
development of effective augmentative strategies. 
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